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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

[0001] The present invention relates to a process for 
producing an aluminum plate for use as the support of a 
lithographic printing plate. Specifically, the present 
invention relates to a method of roughening an alumi- io 
num plate for use as the support for a lithographic plate. 
In particular, the present invention, relates to a method 
suitable for roughening an aluminum plate which is 
prone to the appearance of streaks or grainy uneven- 
ness in surface quality due to directional differences in is 
crystal grains, both defects being highly likely to occur in 
the conventional chemical etching techniques. 

2. Description of the Related Art 

20 

[0002] A method commonly adopted for producing 
aluminum supports for lithographic printing plates is AC 
etching which employs either an ordinary sinusoidal 
wave current or a current of a special alternating wave- 
form such as a rectangular wave. By feeding on after- 25 
nating current with a suitable counter electrode usually 
made of graphite, the aluminum plate is subjected to 
roughening, typically in one cycle. The pits produced by 
this treatment are generally shallow and do not assure a 
long press life. Under the circumstances, various meth- 30 
ods have been proposed with a view to producing alumi- 
num plates that have a grained surface characterized by 
a uniform and dense distribution of pits having a rela- 
tively great depth compared to diameter and which, 
hence, are suitable for use as the support of printing 35 
plates. Examples include roughening with a current 
from a special electrolytic power supply (Unexamined 
Published Japanese Patent Application (kokai) No. 
67507/1978), adjusting the ratio between the amount of 
electricity applied in the anode cycle of AC electrolytic 40 
roughening and that in the cathode cyde (Unexamined 
Put^lshed Japanese Patent Application (kokai) No. 
65607/1979), using a current of a special waveform 
from a power supply (Unexamined Published Japanese 
Patent /Vpplication (kokai) No. 25381/1981) and a conn- 
bination of different quantities of current supply per unit 
area (U.S. Patent No. 4.272.342 which corresponds to 
Unexamined Published Japanese Patent Application 
(kokai) No. 29699/1981). 

[0003] Conventionally, aluminum supports are pro- 
duced by the following process: an aluminum ingot is 
melted and held at a specified temperature to make a 
slab (400 to 600 mm thick by 1 ,000 to 2,000 mm wide by 
2,000 to 6,000 mm long): an impurity-containing struc- 
ture of the slab's surface is cut off in thickness of 3 to 1 0 
mm by means of a facing machine; in order to remove 
the stress within the slab and homogenize its structure, 
the slab is heat treated by being held in a soaking fur- 



nace at 480 to 540°C for 6 to 12 h; the slab is subse- 
quently annealed to provide a homogeneous rolled 
structure and finally cold rolled to a specified thickness 
so that it is straightened to give a high degree of flat- 
ness. The thus produced aluminum web has been used 
as the support of lithographic printing plates. 
[0004] Aluminum plates can be produced by a proc- 
ess that eliminates the steps of Intermediate annealing 
and soaking treatments from the conventional process 
of manufacturing aluminum plates. Using such alumi- 
num plates or general-purpose aluminum plates as the 
support for lithographic printing plates is desirable from 
the viewpoints of saving energy and effective utilization 
of resources. 

[0005] In fact, however, "streaks" and grainy uneven- 
ness.in surface quality have often appeared when the 
support lithographic printing plates are manufactured 
from the above-mentioned aluminum plates. This is 
usually explained as follows: in the progress of a chem- 
ical dissolving reaction in aluminum, the rate of dissolu- 
tion varies with crystal direction, so the electrochemical 
pitting reaction of aluminum will proceed at varying 
rates with the crystal direction. 

[0006] In short the asperities produced by the differ- 
ence in the rate of chemical dissolving reaction are vis- 
ually seen as streaks or grainy unevenness in surface 
quality or, alternatively, the difference in pitting reaction 
depending on the crystal direction (e.g. the difference in 
the number or size of pits) is seen as streal^ or grainy 
unevenness in surface quality. 

SUMMARY OF THE INVENTION 

[0007] The present invention provide a process for 
producing an aluminum plate for use as the support for 
lithographic printing plates that are free from defects 
called "streaks" or "grainy unevenness in surface qual- 
ity". 

[0008] The present invention provides a process for 
producing an aluminum support for lithographic printing 
plates that comprises preliminarily imparting fine asper- 
ities to an aluminum plate and thereafter roughening the 
plate elisctrpchemically in an acidic aqueous solution. 
[0009] The fine asperities imparted to ah aluminum 
plate cause random reflection that makes streaks or 
grainy unevenness in surface quality difficult to be seen. 
The fine asperities also offer the advantage that honey- 
comb pits having an average diameter of 0.1 to 3 jim 
can be generated uniformly irrespective or crystal direc- 
tion in an aqueous solution of nitric acid to be subse- 
quently formed. 

[0010] The present invention provides a process for 
producing an aluminum support for lithographic printing 
plates that comprises in sequence the steps of: 

(1) subjecting an aluminum plate to preliminary AC 
electrochemical roughening in an aqueous solution 
based on hydrochtoric acid using electricity in an 
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amount of 1 to 300 C/dm^; 

(2) immersing the aluminum plate in an aqueous 
solution of an acid or an alkali to perform chemical 
etching or electropolishing with the aluminum plate 
being used as anode, so that the aluminum plate is 
dissolved in an amount of 0.01 to 1 .5 g/m^; 

(3) subjecting the aluminum plate to DC or AC elec- 
trochemical roughening in an aqueous solution 
based on nitric acid; and 

(4) immersing the aluminum plate in an aqueous 
solution of an acid or an alkali to perform chemical 
etching or electropolishing with the aluminum plate 
being used as anode, so that the aluminum plate is 
dissolved in an amount of 0.01 to 10 g/m^. 

[0011] In the present invention, the fine asperities 
imparted to an aluminum plate cause random reflection 
that makes streaks or grainy unevenness in surface 
quality difficult to be seen. The fine asperities also offer 
the advantage that honeycomb pits having an average 
diameter of 0.1 to 3 ^m can be generated uniformly irre- 
spective or crystal direction in an aqueous solution of 
nitric acid to be subsequently formed. 
[001 2] Another advantage that can be obtained is that 
uniform honeycomb pits can be formed even in alumi- 
num plates that contain fairly large amounts of trace ele- 
ments and with which uniform electrochemical 
roughening is difficult to achieve in aqueous nitric acid. 
[0013] The fine asperities imparted to an aluminum 
plate cause random reflection that makes streaks or 
grainy unevenness in surface quality difficult to be seen. 
The fine asperities also offer the advantage that honey- 
comb pits having on average diameter of 0.1 to 3 ^m 
can be generated uniformly irrespective or crystal direc- 
tion in an aqueous solution of nitric acid to be sut)se- 
quently formed. 

[001 4] Thus, the present invention relates basically to 
a process for producing an aluminum support for pro- 
ducing lithographic printing plates that comprises in 
sequence the steps of: 

(1) subjecting the aluminum plate to AC electro- 
chemical roughening in an aqueous solution based 
on nitric acid at a temperature of 60 to 95**C so as . 
to form honeycomb pits with an average diameter of 
0.1 to 0.5 |im using electricity in an amount of 1 to 
ISOC/dm^: and 

(2) immersing the aluminum plate in an aqueous 
solution of an acid or an alkali to perform chemical 
etching or electropolishing with the aluminum plate 
being used as anode, so that the aluminum plate is 
dissolved in an amount of 0.01 to 10 g/m^. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 5] In the acconnpanying drawings: 

Fig. 1 is a diagram showing an exemplary trapezoi- 



dal waveform from an AG power supply that is pref- 
erably employed in the step of electrochemical 
roughening in the process of the present invention; 
and 

5 Fig. 2 shows diagrammatically an example of the 

electrolytic apparatus for use in the step of electro- 
chemical roughening in the process of the present 
invention. 

10 DETAILED DESCRIPTION! OF THE DRAWINGS 

[0016] Detailed description of the present invention 
will be described as follows referring to the accompany- 
ing drawings. 
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Embodimen ts of the Invention 



[0017] Several embodiments of the roughening 
method of the present invention ore hereunder 
20 described i n d etail . 

Embodiment 1 

[0018] In a process for producing an aluminum sup- 
25 port for a lithographic printing plate, an aluminum plate 
is subjected to. in sequence, the steps of: 

(1) preliminarily forming fine asperities; and 

(2) roughening the aluminum plate electrochemi- 
30 cally in an acidic aqueous solution. 

Embodiment 2 

[0019] In a process for producing an aluminum sup- 
35 port for a lithographic printing plate, an aluminum plate 
is subjected to. in sequence, the steps of: 



(1) preliminarily forming fine asperities; 

(2) roughening the aluminum plate electrochemi- 
cally in an acidic aqueous solution; and 

(3) electropolishing the aluminum plate in an aque- 
ous solution of an acid or an alkali, with the alumi- 
num plate being used as anode, or chemically 
etching the aluminum plate in an aqueous solution 
of an acid or an alkali, so that the aluminum plate is 
dissolved in an amount of 0.01 to 6 g/m^. 



40 



45 



so 



55 



Embodiment 3 

[0020] In a process for producing an aluminum sup- 
port for a lithographic printing plate, an aluminum plate 
is subjected to, in sequence, the steps of: 

(1) roughening the aluminum plate mechanically; 

(2) chemically etching the aluminum plate in an 
aqueous solution of an acid or an alkali, or elec- 
tropolishing the aluminum plate in an aqueous solu- 
tion of an add or an alkali, with the aluminum plate 
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being used as anode, so that the aluminum plate is 
dissolved In an amount of 1 to 20 g/m^. 

(3) preliminarily forming fine asperities: 

(4) roughening the aluminum plate electrochemi- 
cally in an acidic aqueous solution; and 5 

(5) electropolishing the aluminum plate in an aque- 
ous solution of an acid or an alkali, with the alumi- 
nurh plate being used as anode, or chemically 
etching the aluminum plate in an aqueous solution 

of an acid or an alkali, so that the aluminum plate is io 
dissolved in an amount of O.Oi to 6 g/m^. 

Entipodiment 4 

[0021] A process for producing an aluminum support 75 
for lithographic printing plates includes in sequence the 
steps of: 

(1) subjecting an aluminum plate to preliminary AC 
electrochemical roughening in an aqueous solution so 
based on hydrochloric acid using electricity in an 
amount of 1 to 300 C/dm^; 

(2) immersing the aluminum plate in an aqueous 
solution of an acid or an alkali to perform chemical 
etching or electropolishing with the aluminum plate 25 
being used as anode, so that the aluminum plate is 
dissolved in an amount of 0.01 to 1 .5 Q/vrr ; 

(3) subjecting the aluminum plate to DC or AC elec- 
trochemical roughening in an aqueous solution 
based on nitric acid; and 30 

(4) Immersing the aluminum plate in an aqueous 
solution of an add or an alkali to perform chemical 
etching or electropolishing with the aluminum plate 
being used as anode, so that the aluminum plate is 
dissolved in an amount of 0.01 to 1 0 g/m^. 35 

En^odiment 5 

[0022] The process for producing an aluminum plate 
for lithographic printing plates according to embodiment 40 
4, wherein prior to performing preliminary electrochem- 
ical roughening in an aqueous solution of hydrochloric 
acid, the aluminum plate is subjected, in sequence, to 
the steps of: 

45 

(1) mechanical roughening or DC or AC electro- 
chemical roughening in an aqueous solution based 
on nitric acid; and 

(2) chemical etching or electropolishing, with the 
aluminum plate used as anode, in on aqueous solu- so 
tion of an acid or an alkali so that the aluminum 
plate is dissolved in an amount of 0.01 to 20 g/m^. 

[0023] It should be noted that the amount of cfissolu- 
tion of aluminum by the chemical etching in an aqueous 55 
solution of an acid or an alkali which is performed after 
the DC or AC electrochemical roughening in an aque- 
ous solution based on nitric acid is preferably 0.01 to 1 .5 
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g/m^. 

[0024] The aluminum plate is preferably desmutted in 
an acidic aqueous solution after it is chemically etched, 
or electropolished with the aluminum plate used as 
anode, in an aqueous solution of an acid or an alkali. 
[0025] It is also preferred that the roughening step is 
followed by anodizing in order to enhance the wear 
resistance of the surface of the aluminum plate. 
[0026] More preferably, the anodized aluminum sur- 
face may be hydrophilized as required. 
[0027] After the graining and anodizing steps, the 
pores in the aluminum plate are preferably sealed. 

Embodiment g 

[0028] In a process for producing an aluminum sup- 
port for a lithographic printing plate, an aluminum plate 
is subjected to, in sequence, the steps of: 

(1) on electrochemical roughening in an aqueous 
solution based on nitric acid at a temperature of 60 
to 95°C so as to form honeycomb pits with an aver- 
age diameter of 0.1 to 0.5 ^m using electricity in an 
amount of 1 to 150 C/dm^; and 

(2) chemical etching or electropolishing. with the 
aluminum plate being used as anode, in an aque- 
ous solution of an acid or an alkali so that the alumi- 
num plate is dissolved in an amount of 0.01 to 10 

Embodiment 7 

[0029] In a process for producing an aluminum sup- 
port for a lithographic printing plate, an aluntinum plate 
is subjected to, in sequence, the steps of: 

(1) preliminary AC electrochemical roughening in 
an aqueous solution based on hydrochloric acid 
using electricity In an amount of 1 to 300 C/dm^; 

(2) chemical etching or electropolishing, with the 
aluminum plate being used as anode, in an aque- 
ous solution of an acid or an alkali so that the alumi- 
num plate is dissolved in an amount of 0.01 to. 1.5 
g/m^: . 

(3) AC electrochemical roughening in an aqueous 
solution based on nitric acid at a temperature of 60 
to 9S°C so as to form honeycomb pits with an aver- 
age diameter of 0.1 to 0.5 nm using electricity in an 
amount of 1 to 150 C/dm^; and 

(4) chemical etching or electropolishing, with the 
aluminum plate being used as anode, in an aque- 
ous solution of an acid or an alkali so that the alumi- 
num plate is dissolved in an amount of 0.01 to 10 
g/m2. 

Embodiment 8 

[0030] In a process for producing an aluminum sup- 
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port for a lithographic printing plate, prior to preliminary 
AC electrochemical roughening in an aqueous solution 
of hydrochloric acid, an aluminum plate is subjected to, 
in sequence, the steps of: 

5 

(1) mechanical roughening or DC or AC electro- 
chemical roughening In an aqueous solution based 

on nitric acid; and 

(2) chemical etching or electropolishing. with the 
aluminum plate used as anode, in an aqueous solu- io 
tion of an acid or an alkali so that the aluminum 
plate is dissolved in an amount of 0.01 to 20 Q/vrP, 

[0031] In the present Invention, the method of prelim- 
inarily forming fine asperities is preferably by mechani- is 
cally forming fine asperities on the aluminum plate or by 
forming fine asperities through chemical etching or by 
forming fine asperities through electrochemical rough- 
ening of the aluminum surface. 

[0032] Preferably, the method of forming fine asperi- 20 
ties is by electrochemical roughening in an aqueous 
solution of nitric add or hydrochloric add. 
[0033] It is also preferred that the preliminary forma- 
tion of fine asperities is followed by chemical etching in 
an aqueous solution of an acid or an alkali or electropo- 25 
lishing in an aqueous solution of an acid or an alkali, 
with the aluminum plate being used as anode. 
[0034] Prior to or after or both before and after the 
electropolishing of the aluminum plate in ah aqueous 
solution of an add or an alkali, with the aluminum plate 30 
being used as anode, the aluminum plate is preferably 
subjected to chemical dissolution of 0.01 to 3 g/m^. 
more preferably 0.1 to 1 g/m^. 

[0035] In a particularly prefen-ed embodiment of the 
present invention, the amount of dissolution of the alu- 35 
minum plate by the chemical etching in an aqueous 
solution of an acid or an alkali which is performed after 
honeycomb pits with an average diameter of 0.1 to 0.5 
Jim are formed using electricity In an amount of 1 to 150 
C/dm^ by AC electrochemical roughening in an aque- 40 
ous solution based on nitric acid at a temperature of 60 
to 95**C is 0.01 to 1 .5 g/m^. 

[0036] After the aluminum plate is chemically dis- 
solved in an aqueous solution of an alkali or electropol- 
ished in an aqueous solution of an alkali, with the 45 
aluminum plate being used as anode, the aluminum 
plate is preferably desmutted in an acidic aqueous solu- 
tion. 

[0037] After the roughening step, the aluminum plate 
is subjected to anodization in order to enhance the wear so 
resistance of its surface. 

[0038] It is also preferred that after the anodization. 
the aluminum surface may optionally be hydrophilized. 
[0039] After the graining and anodizing steps, the 
pores in the aluminum plate are preferably sealed, ss 
[0040] The aluminum plate to be used in the present 
invention is selected from among a pure aluminum 
plate, an alloy plate that is based on aluminum and that 
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contains trace amounts of dissimilar elements, and a 
plastic film laminated or evaporated with aluminum. Dis- 
similar elements to be contained in the aluminum alloy 
include silicon, iron, nickel, manganese, copper, mag- 
nesium, chromium, zinc, bismuth, titanium, vanadium, 
etc. Usually, conventionally known stocks that are 
described in "Aluminum Handbook", 4th ed.. Society of 
Ught Metals, 1990. for example. J!S A 1050, JfS A 
3103, JIS A 3005. JIS A 1100 and J IS A 3004, maybe 
employed either as such or after being alloyed with up to 
5 wt% of magnesium in order to increase their tensile 
strength. The present invention is particularly suitable 
for roughening aluminum plates that are prone to the 
occurrence of defects due to directional differences in 
crystal grains. 

[0041] The aluminum plate to be used in the present 
invention may be one manufactured by the ordinary 
direct casting method, as well as one produce by a con- 
tinuous casting and rolling method. Examples of the 
continuous casting and rolling method indude a two-roll 
method, a belt caster method and a block castor 
method. The aluminum plate to be used in the present 
invention has a thickness of about 0.1 to 0.6 mm. 
[0042] The aluminum plate that is prone to the appear- 
ance of unevenness in treatment from the difference in 
the rate of aluminum dissolution in alkali etching due to 
the directional differences in crystal grains is preferably 
an aluminum plate manufactured by a process that elim- 
inates either an intermediate annealing step or a soak- 
ing step or both steps from the direct casting method or 
an aluminum plate produced by a process that elimi- 
nates the intermediate annealing step from the continu- 
ous casting method. 

[0043] The term "aluminum plate that is prone to the 
appearance of unevenness in treatment from the differ- 
ence in the rate of aluminum dissolution in alkali etching 
due to the directional differences in crystal grains" refers 
to those aluminum plates in which ^'streaks" or grainy 
unevenness in surface quality are highly likely to occur 
after alkali etching. 

[0044] The roughening method of the present inven- 
tion is suitable for accomplishing uniform roughening of 
an aluminum alloy plate which, when examined with an 
AFM after it was buffed to provide a specular finished 
surface, alkali etched in an aqueous solution of sodium 
hydroxide in order to dissolve the aluminum plate in an 
amount of ISg/m^, and desmutted in an acidic aqueous 
solution, is found to have steps of 0.01 to 0.5 ^m. pref- 
erably 0.02 to 0.2 ^im. due to the difference in etch rate. 
[0045] When the surface of an aluminum plate that 
has been buffed and etched with hydrofluoric acid is 
examined, crystal grains that are elongated in the direc- 
tion of rolling have a width of from about 0.01 to 10 mm 
and a length of 0.5 to 300 mm. Preferably, the crystal 
grains elongated in the direction of rolling have a width 
of 5 mm or less, more preferably 3 mm or less. 
[0046] The equipment to be used for AC or DC elec- 
trochemical roughening or electropolishing in the 
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present invention may be any of the known apparatus 
that are conventionally used in performing continuous 
surface treatmerrt of metal webs. 
[0047] The aluminum plate roughened by the present 
invention is preferably hydrophilized in order to enhance s 
the wear resistance of its surface. 
[0048] After anodtzaticn or after anodization and 
hydro-philization, the aluminum plate is coated in the 
usual manner with a light-sensitive layer or both an 
intermediate layer and a light-sensitive layer, which are io 
then dried to provide a PS plate having a good printing 
performance. The light-sensitive layer may be overlaid 
with a matte layer in order to ensure good contact with a 
lithographic film during vacuum exposure. A back coat- 
ing layer may be provided on the reverse surface of the is 
aluminum plate with a view to preventing aluminum from 
dissolving out during development. The present inven- 
tion is adaptive not only to PS plates that are sensitized 
on one surface alone but also to those which are sensi- 
tized on both surfaces. 20 
[0049] The present invention is applicable not only to 
the roughening of aluminum supports for lithographic 
printing plates but also to the roughening of every other 
type of aluminum plates. 

25 

fvlethod of preliminarily forming fine asperities: 

[0050] Forming fine asperities in the present Invention 
means providing the surface of the aluminum plate with 
pits that have an average diameter of 1 A to 0.5 ^m and 30 
an average depth of 1 A to 0.5 ^m or fine asperities that 
have an average depth of 1 A to 0.5 ^m, an average 
pitch of 1 A to 0.5 pm and an average length of 1 A to 
100 mhi. 

[0051] The fine asperities range in size from those 35 
which can be examined with an atomic force micro- 
scope or a scanning electron microscope to those of 
about several angstroms which are produced by ruptur- 
ing an oxide film. 

[0052] The methods of preliminarily forming fine 40 
asperities consist of the following three: the method of 
mechanically forming fine asperities on the aluminum 
surface: the method of chemically forming fine asperi- 
ties; and the method of eiectrochemically forming fine 
asperities. 45 

n) Method of preliminarily forming fine asperities by 
mechanical means 

[0053] The method of mechanically forming fine so 
asperities on the aluminum surface may be by rubbing 
with a sponge, a brush, a roller or a buff. Alternatively, a 
roller having fine asperities on the surface may be 
pressed against the aluminum plate. 
[0054] The time of treatment ranges preferably from 55 
0.1 to 60 seconds. The load. Impact and other forces to 
be exerted upon the aluminum plate can be determined 
within the range that permits the formation of the above- 



described asperities. 

[0055] In the case of rubbing with a brush, it is pre- 
ferred that the bristles have a length of 10 to 200 mm. 
the support of the bristles (where they are to be embed- 
ded) has a diameter of 100 to 1,000 mm, the bristles 
have a diameter of 0.1 to 2 mm, and the brush roll 
rotates at a speed of 10 to 1 .000 rpm. The bristles may 
be formed of syrithetic or natural fibers. 
[0056] The direction in which fine asperities are 
formed mechanically may be perpendicular, parallel or 
at an angle to the direction of rolling the aluminum plate. 
Alternatively, fine asperities may be formed as if they 
draw circles or a load may be applied in random direc- 
tion. It is preferred that fine asperities are formed as ran- 
domly as possible as seen microscopically. 
[0057] In mechanical rubbing, an abrasive may or may 
not be used; non-use of an abrasive is particulariy pre- 
ferred. If any abrasive is to be used, a finest possible 
abrasive having an average grain size of no more than 1 
^m should be used, preferably followed by rinse of the 
aluminum plate with water. 

(2) Method Of preliminarily forming fing agpgritiQS by 
electrochemical means 

[0058] The method of forming fine asperities eiectro- 
chemically is by electrochemical roughening In an acidic 
aqueous solution, 

[0059] The acidic aqueous solution; equipment, power 
supply cun-ent density, flow rate and temperature may 
be selected from among those which are used in known 
processes of electrochemical roughening and an aque- 
ous solution based on nitric acid or hydrochloric acid is 
preferred. An AC or DC power supply is used in electro- 
chemical roughening. 

[0060] When fine asperities have been formed by 
electrochemical roughening, smut or an oxide film forms 
on the aluminum plate. Therefore, in order to ensure 
uniform electrochemical roughening in the next cycle, 
the aluminum plate is preferably lightly etched in an 
aqueous solution of an acid or an alkali to such an 
extent that it is dissolved in an amourrt of 0.01 to 3 g/m^, 
more preferably in an amount of 0.1 to 1 .5 g/m^. 
[0061] An AC or DC power supply may be used in 
electrochemical roughening and the amount of electric- 
ity which is responsible for an anode reaction to occur 
on the aluminum plate can be selected from the range 
of 1 to 2,000 C/dm^, preferably 5 to 1 .000 C/dm^, more 
preferably 10 to 150 C/dm^. 

[0062] When preliminarily forming fine asperities in a 
HCl-based aqueous solution using an alternating cur- 
rent. It is particulariy preferred that an aqueous solution 
having a temperature of 15 to SS'^C and containing 5 to 
15 g/L of HCI is supplemented with an aluminum salt to 
give an aluminum ion concentration of 1 to 10 g/L. 
[0063] When preliminarily forming fine asperities in a 
HNOs-based aqueous solution using an alternating cur- 
rent. It Is particularly preferred that an aqueous solution 
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having a temperature of 60 to 90**C and containing 5 to 
15 g/of nitric acid is supplemented with an alunninum 
salt to give an aluminum ton concentration of 1 to 10 

[0064] When preliminarily forming fine asperities in a 
HNOa-based aqueous solution using a direct current, it 
is particularly preferred that an aqueous solution having 
a temperature of 40 to 60'*C and containing 1 50 to 400 
g/L of nitric acid is supplemented with an aluminum salt 
to give an aluminum ion concentration of 1 to 10 g/L 
[0065] The preliminarily forming fine asperities are 
preferably such that no areas of the aluminum plate 
remain unetched but that pits are uniformly produced on 
its entire surface; it is particularly preferred that any 
unetched areas are uniformly dispersed. 

(3^ Method of preliminarily forming fine asperities bv 
chemical means 

[0066] The method of forming fine asperities by chem- 
ical etching is preferably by immersing the aluminum 
plate in an aqueous solution of a mixture of hydrochloric 
acid and aluminum chloride to perform chemical etch- 
ing. The aqueous solution of hydrochloric acid has pref- 
erably a concentration of 1 to 35 wt%, with aluminum ion 
being preferably dissolved to a concentration ranging 
from 1 g/L to saturation. The solution has preferably a 
temperature of 50 to 100**C. with the aluminum plate 
being Immersed preferably for a time of 1 to 180 sec- 
onds. Electropolishing in aqueous solution of alkali: 
[0067] The term "electropolishing In an aqueous solu- 
tion of an alkali" as sued in the present invention refers 
to the case of performing electrolysis on aluminum as 
anode using an aqueous solution of an alkaline sub- 
stance alone as selected from among sodium hydi'ox- 
ide. potassium hydroxide, sodium carbonate and 
sodium phosphate, or a mixture of themselves, or a mix- 
ture of such alkaline substance with zinc hydroxide or 
aluminum hydroxide, or a mixture of such alkaline sub- 
stance with a salt such as sodium chloride or potassium 
chloride and with such a combination of an electrolyte 
composition, a temperature and a concentration that an 
electrically deoxidizing material is provided. For consisl- 
. ent formation of a uniform oxide fllrh, hydrogen perox- 
ide, phosphate and so forth may be added at a 
concentration of no more than 1 wt%. Any aqueous 
solutions used In known cases of electropolishing may 
be employed and an aqueous solution based on sodium 
hydroxide is preferred. More preferred is an aqueous 
solution containing 2 to 30 wt% of sodium hydroxide and 
particularly preferred is an aqueous solution containing 
3 to 20 wt% of sodium hydroxide. The temperature of 
the solution can be selected from the range of 10 to 
90°C (preferably 35 to SO^'C). the current density from 
the range of 1 to 200 N6tx? (preferably 20 to 80 A/dm^). 
and the time of electrolysis from the range of 1 to 180 
seconds. The current to be applied may be a direct cur- 
rent, a pulsed direct current or an alternating current, 
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with a continuous direct current being preferred. The 
equipment for electrolysis may be a flat cell, a radial cell 
or any other apparatus that are commonly used in 
known cases of electrolysis. 
5 [0068] After the treatment ends, straining with nip roll- 
ers and spraying with rinse water are preferably per- 
formed In order to ensure that the processing solution is 
not brought into the next step. 

[0069] More preferably, chemical etching is performed 
10 in an aqueous solution of an acid or an alkali for dissolv- 
ing the aluminum plate in an amount of 0.01 to 3 g/m^ 
either before or after electropolishing or both before and 
after it. 

15 Electropolishing in acidic aqueous solution: 

[0070] The electropolishing in an acidic aqueous solu- 
tion as performed in the present invention permits the 
use of any aqueous solutions that are commonly used 

20 in known cases of electropolishing and an aqueous 
solution based on sulfuric acid or phosphoric acid is 
preferred. Particularly preferred is an aqueous solution 
containing 20 to 90 wt% (preferably 40 to 80 wt%) of sul- 
furic acid or phosphoric acid. The temperature of the 

25 solution can be selected from the range of 10 to SO^'C 
(preferably 50 to 80**C). the current density from the 
range of 1 to 200 A/dn^ (preferably 5 to 80 A/dm^). and 
the time of electrolysis from the range of 1 to 180 sec- 
onds! The aforementioned aqueous solutio may addir 

30 tionally contain 1 to 50 wt% of sulfuric acid, phosphoric 
acid, chromic acid, hydrogen peroxide, citric acid, boric 
acid, hydrpfluoric acid, phthalic anhydride or the like. 
The aqueous solution may of course contain 0 to 10 
wt% of not only aluminum but also any of the alloying 

35 components that are contained in aluminum alloys. The 
concentration of sulfate or phosphate ion and that of 
aluminum ion are preferably such that those Ions will not 
precipitate at ambient temperature. 
[0071] The current may be a direct current, a pulsed 

40 direct current or on alternating current, with a continu- 
ous direct current being preferred. The equipment for 
electrolysis may be a flat cell, a radial cell or any other 
apparatus that are commonly used in known cases of 
electrolysis. After the treatment ends, straining with nip 

45 rollers and sprayirig with rinse water are preferaibly per- 
formed in order to ensure that the processing solution is 
not brought into the next step. 

[0072] More preferably, chemical etching Is performed 
in an aqueous solution of an acid or an alkali for dissolv- 
so ing the aluminum plate in an amount of 0.01 to 3 qlirr? 
either before or after electropolishing or both before and 
after it. 

Chemical etching in aqueous solution of acid or alkali: 

55 

[0073] The aqueous solution of an alkali has prefera- 
bly a concentration of 1 to 30 wt% and may contain 0 to 
10 wt% of not only aluminum t>ut also any of the alloying 
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components that are (X)ntained in aluminum alloys. A 
particularly preferred aqueous solution of an alkali is 
one based on sodium hydroxide. The treatment is pref- 
erably conducted at a solution's temperature from ambi- 
ent to 95*^0 for a period of 1 to 120 seconds, 
[0074] The acid that can be used in the acidic aque- 
ous solution is selected from among phosphoric acid, 
nitric acid, sulfuric acid, chromic acid, hydrochloric acid 
and mixtures of two or more of these acids. The acidic 
aqueous solution has preferably a concentration of 0.5 
to 65 wt% and may contain 0 to 10 wt% of not only alu- 
minum but also any of the alloying components that are 
contained in aluminum alloys. The treatment is prefera- 
bly conducted at a solution's temperature from 30°C to 
95''C for a period of 1 to 1 20 seconds. A particularly pre- 
ferred acidic aqueous solution is sulfuric acid. The con- 
centration of sulfuric acid and that of aluminum are 
preferably selected from such a range that they will not 
precipitate at ambient temperature. 
[0075] After the etching treatment ends, straining with 
nip rollers and spraying with rinse water are preferably 
performed in order to ensure that the processing solu- 
tion is not brought into the next step. 

Desmutting in acidic aqueous solution: 

[0076] If chemical etching is performed with an aque- 
ous solution of an alkali, smut usually forms on the sur- 
face of alurhinum and must be removed by desmutting 
with phosphoric acid, nitric acid, sulfuric acid, chromic 
acid, hydrochloric add or a mixture of two or more of 
these acids. The acidic aqueous solution has preferably 
a concentration of 0.5 to 60 wt%. Not only aluminum but 
also any of the alloying components that are contained 
in aluminum alloys may be dissolved in an amount of 0 
to 5 wt% in the acidic aqueous solution. The treatment 
is preferably conducted at a solution's temperature from 
ambient to 95''C for a period of 1 to 120 seconds. After 
the desmutting end, straining with nip rollers and spray- 
ing with rinse water are preferably performed in order to 
ensure that the processing solution is not brought into 
the next step. 

Mechanical roughening: 

[0077] Mechanical roughening is advantageously per- 
formed in the present invention using a rotating nylon 
brush roll having a bristle diameter of 0.2 to 1.61 mm 
and a liquid slurry that is supplied onto the surface of the 
aluminum plate. Any known abrasives may be used but 
siliceous sand, quartz, aluminum hydroxide or a mixture 
thereof is preferred. For details of these abrasives, see 
Unexamined Published Japanese Patent Application 
(kokai) Nos. 135175/1994 and 40047/1915. The liquid 
slurry has preferably a specific gravity of 1 .05 to 1 .3. 
[0078] Needless to say, other approaches may be 
applied, as exemplified by the spray of a liquid slurry, 
use of a wire brush and transfer of a rough surface from 



a pressure roll onto the aluminum plate. For these and 
other approaches of mechanical roughening, see Unex- 
amined Published Japanese Patent Application (kokai) 
Nos. 074898/1980, 162351/1986 and 104889/1988. 

5 

Aqueous solution based on nitric acid: 

[0079] The aqueous solution based on nitric acid 
which is to be used in the present invention may be 

10 selected from among those which are used in ordinary 
cases of DC or AC electrochemical roughening. For this 
purpose. 1 to 500 g/L of an aqueous nitric acid solution 
may be supplemented with at least one member of nitric 
add compounds containing nitrate ion such as alumi- 

15 num nitrate, sodium nitrate and ammonium nitrate or at 
least.pne member of hydrochloric acid compounds con- 
taining hydrochloride ion such as aluminum chloride, 
sodium chloride and ammonium chloride, the com- 
pounds being added to give a concerrtration ranging 

20 from 1 g/L to saturation. The aqueous solution based on 
nitric acid may have dissolved therein various metals 
that are contained in aluminum alloys, as exemplified by 
iron, copper, manganese, nickel, titanium, magnesium 
and silica. A particularly preferred solution is such that 

25 aluminum chloride or aluminum nitrate is added to an 
aqueous solution of 5 to 20 g/L nitric acid to give an alu- 
minum ion concentration of 3 to 50 g/L. The tempera- 
ture of the solutiori is preferably at 10 to lOO^C, more 
preferably at 40 to 90°C. Further, the temperature of the 

30 solution is preferably at 60 to 95*'C to produce the hon- 
eycomb pit having an average diameter of 0.1 to 0.5 jim. 

Aqueous solution based on hydrochloric acid: 

35 [0080] The aqueous solution based on hydrochloric 
add which is to be used in the present invention may be 
selected from those which are used in ordinary cases of 
DC or AC electrochemical roughening. For this purpose, 
1 to 100 g/L of an aqueous solution of hydrochloric acid 

40 may be supplemented with at least one member of nitric 
add compounds containing nitrate ion such as alumi- 
num nitrate, sodium nitrate and ammonium nitrate or at 
least one merrier of h>drpchk>ric acid conrpounds con- . 
taining hydrochloride ion such as aluminum chloride, 

45 sodium chloride and ammonium chloride, the com- 
pounds being added to give a concentration ranging 
from 1 g/L to saturation. The aqueous solution based on 
hydrochloric add may have dissolved therein various 
metals that are contained in aluminum alloys, as exem- 

50 plified by iron, copper, manganese, nickel, titanium, 
magnesium and silica. A particularly preferred solution 
is such that aluminum chloride or aluminum nitrate is 
added to an aqueous solution of 0.5 to 2 wt% hydrochlo- 
ric acid to give an aluminum ion concentration of 3 to 50 

55 g/L The temperature of the solution is preferably at 10 
to 60°C. more preferably at 15 to 50**C. Hypochlorous 
add may be added to the solution. 
[0081] When preliminarily forming fine asperities in a 
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HCI -based aqueous solution using an alternating cur- 
rent, it is particularly preferred that an aqueous solution 
having a temperature of 15 to 45*0 and containing 5 to 
15 g/L of HCl is supplemented with an aluminum salt to 
give an aluminum ion concentration of 3 to 50 g/L. 
[0082] The additive to be added to the aqueous solu- 
tion based on hydrochloric acid, equipment, power sup- 
ply, current density, flow rate and temperature may be 
selected from among those which are used in known 
processes of electrochemical roughening and an aque- 
ous solution based on nitric acid or hydrochloric acid is 
preferred. An AC or DC power supply is used in electro- 
chemical roughening, with the former being particularly 
preferred. 

[0083] The amount of electricity which is responsible 
for an anode reaction to occur on the aluminum plate as 
It is roughened electrochemically in an aqueous solution 
based on hydrochloric acid can be selected from the 
range of 1 to 300 C/dm^, preferably 5 to 150 C/dm^, 
more preferably 10 to 100 C/dm^. 
[0084] When fine asperities have been formed by 
electrochemical roughening, smut or an oxide film forms 
on the aluminum plate. Therefore, In order to ensure 
uniform electrochemical roughening in the next cycle, 
the aluminum plate is preferably lightly etched in an 
aqueous solution of an acid or an alkali to such an 
extent that it is dissolved in an a mount of 0.01 to 3 g/m^, 
more preferably in an amount of 0.1 to 1 .5 g/m^. 
[0085] When preliminary AC electrochemical rough- , 
ening is done in an aqueous solution based on hydro- 
chloric acid using electricity of 1 to 300 C/dm^, it is 
preferred that no areas of the aluminum plate remain 
unetched but that pits are uniformly produced on its 
entire surface; it is particularly preferred that any 
unetched areas area uniformly dispersed. 

Aqueous solution based on nitric acid: 

[0086] The aqueous solution based on nitric acid 
which is to be used in the present invention may be 
selected from among those which are used in ordinary 
cases of DC or AC electrochemical roughening. F=br this 
purpose, 1 to 400 g/L of an aqueous nitric acid solution 
may be supplemented with at least one member of nitric 
acid compounds containing nitrate ion such as alurhi- 
num nitrate, sodium nitrate and ammonium nitrate or at 
least one member of hydrochloric acid compounds con- 
taining hydrochloride Ion such as aluminum chloride, 
sodium chloride and ammonium chloride, said com- 
pounds being added to give a concentration ranging 
from 1 g/L to saturation. The aqueous solution based on 
nitric add may have dissolved therein various metals 
that are contained in aluminum alloys, as exemplified by 
Iron, copper, manganese, nickel, titanium, magnesium 
and silica. A particularly preferred solution is such that 
aluminum chloride or aluminum nitrate is added to an 
aqueous solution containing 5 to 20 g/L of nitric acid to 
give an aluminum ion concentration of 3 to 50 g/L. The 



temperature of the solution is preferably at 10 to 95®C, 
more preferably at 40 to 80"*C. 

AC electrochemical roughening: 

5 

[0087] The acidic aqueous solution to be used In the 
present Invention may be selected from among those 
which are used in ordinary canes of DC or AC electro- 
chemical roughening. Advantageously, it may be 

10 selected from the aforementioned aqueous solutions 
based on either nitric acid or hydrochloric add, 
[0088] The AC power supply to be used in electro- 
chemical roughening may generate various waveforms 
including a sine wave, a rectangular wave, a trapezoidal 

IS wave and a triangular wave: among these, a rectangular 
wave and a trapezoidal wave are preferred, with a trap- 
ezoidal wave being particularly preferred. The fre- 
quency of the AG current is preferably 0.1 to 250 Hz. 
[0089] A trapezoidal wave preferably used In the 

20 present Invention is shown in Fig. 1. In a trapezoidal 
wave, the time tp for the cun-ent to increase from zero 
until it reaches a peak is preferably in the range of 0. 1 to 
10 msec, with the range of 0.3 to 2 msec being particu- 
larly preferred. The power supply circuit has ouch a 

25 great impedance that If tp Is less than 0.1 msec, a high 
supply voltage is required for the current to rise to the 
peak and this increases the initial cost of the power sup- 
ply If tp Is longer than 1 0 msec, the process is so sensi- 
tive to the effects of trace components in the electrolyte 

30 that it becomes difficult to achieve uniform roughening. 
[0090] One cyde of the alternating cun-ent to be used 
in AC electrochemical roughening preferably satisfies 
the following conditions: tc/ta (ta Is the time of anode 
reaction on the aluminum plate and tc Is the time of 

35 cathode reaction) is 1 to 20; Qc/Oa (Qc is the amount of 
electricity for cathode reaction on the aluminum plate 
and Qa is the amount of electricity for anode reaction) is 
0.3 to 20; and ta (time of anode reaction) Is 5 to 1.000 
msec. More preferably, tc/ta is in the range of 2.5 to 15 

40 and Qc/Qa in the range of 2.5 to 15. 

[0091] The current density as expressed by the peak 
value of a trapezoidal wave is preferably 10 to 200 
/Vdm^ whether it is la (the current Is in the anode cycle) 
. or Ic (in the cathode cycle). The value of Ic/la is prefera- 

'45 Wy in the range of 0.3 to 20. 

[0092] At the point In time when electrochemical 
roughening has ended, the total sum of the amount of 
electricity responsible for the anode reaction to take 
place on the aluminum plate Is preferably 1 to 1,000 

so C/dm^. 

[0093] The electrolytic cell to be used in the present 
Invention for performing AC electrochemical roughening 
may be any of the electrolytic cells that are employed in 
known cases of surface treatment, as exemplified by a 
55 vertical type.a flat type and a radial type, and a radial 
electrolytic cell of the type described in Unexamined 
Published Japanese Patent Application (kokai) No. 
195300/1993 Is particularly prefen^ed. The direction of 
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the electrolyte flowing through the electrolytic cell may 
be parallel or counter to the progress of the web of alu- 
minum plate. One electrolytic cell may be connected to 
one or more AG power supplies. Two or more electro- 
lytic cells may be employed. 

[0094] An apparatus of the type shown In Fig. 2 may 
be used in AC electrochemical roughening. If two or 
more electrolytic cells are to be used, electrolysis may 
be performed under the same or different conditions. 
[0095] A web of aluminum plate W is wrapped onto a io 
radial drum roller 52 immersed in a main electrolytic cell 
50 and as it is transported, the web is electrolyzed with 
main electrodes 53a and 53b connected to an AC power 
supply 51. Electrolyte 55 supplied from an inlet 54 
passes through a slit 56 to be fed into a passageway 57 is 
between the radial drum roller 52 and each of the main 
electrodes 53a and 53b. The web of aluminum plate W 
thus treated in the main electrolytic cell 50 is then trans- 
ferred into an auxiliary anodic cell 60, where it is sub- 
jected to further electrolysis. The auxiliary anodic cell 60 so 
has an auxiliary anode 58 placed to face the web of alu- 
minum plate W and the electrolyte 55 is supplied to flow 
between the auxiliary anods 58 and the web W. 

DC electrochemical roughening: 25 

[0096] The term "DC electrochemical roughening" as 
used herein means a process in which a direct current 
is applied between the aluminum plate and an opposed 
electrode to perform electrochemical roughening. The 3o 
electrolyte may be selected from among those which 
are used in known cases of DC or AC electrochemical 
roughening. Advantageously, the electrolyte may be 
selected from among the aforementioned aqueous 
solutions based on either nitric acid or hydrochloric acid. 35 
The temperature of the solution is preferat^ly at 10 to 
SO^'C. Any known DC electrochemical roughening appa- 
ratus may be employed and a preferred one is 
described In Unexamined Published Japanese Patent 
Application (kokai) No. 141094/1989. which comprises 40 
one or more alternating pairs of an anode and a cath- 
ode. Other known apparatus are described in Japanese 
Patent Application Nos. 68204/1 993, 205657/1 994 and 
21050/1994. as well as Unexamined Published Japa- 
nese Patent Application (kokai) No. 19115/1986 and 45 
Examined Japanese Patent Publication (kokoku) No. 
44760/1982. Alternatively, electrochemical roughening 
may be performed with a direct current being applied 
between a conductor roll in contact with the aluminum 
plate and a counter cathode, and with the aluminum so 
plate used as anode. After the end of electrolysis, 
straining with nip rollers and spraying with rinse water 
are preferably performed in order to ensure that the 
processing solution is not brought into the next step. 
The direct current to be used in electrochemical rough- 55 
ening Is preferably such that the ripple content is no 
more than 20%. The cun'ent density is preferably 10 to 
200 A/dm^ and the amount of electricity for the alumi- 



num plate used as anode is preferably 1 to 1,000 
C/dm^. The anode may be selected from among known 
oxygenating electrode materials including ferrite, iridium 
oxide, platinum, and valves metals (i.e., titanium, nio- 
bium and zirconium) clad or plated with platinum. The 
cathode may be selected from among carbon, platinum, 
titanium, niobium, zirconium, stainless steel and elec- 
trode materials for use as cathode in fuel, cells. 

Anodization: 

[0097] The aluminum plate is anodized to have 
Increased wear resistance on the surface. The electro- 
lyte to be used in anodizing the aluminum plate may be 
selected from among any substances that are capable 
of forjTiing porous oxide films. Generally, sulfuric acid, 
phosphoric acid, oxalic acid, chromic acid or mixtures 
thereof are used. The concentration of the electrolyte is 
determined as appropriate for the type of the electrolyte 
used. The conditions for anodization are variable with 
the electrolyte to be used and cannot be specified 
uniquely. Generally, satisfactory results are obtained 
under the following conditions: electrolyte's concentra- 
tion, 1 to 80 wt%: its temperature. 5 to 70**C: cun^ent 
density, 1 to 60 AJ6m^; voltage. 1 to 100 V; and time of 
electrolysis, 10 to 300 seconds. 
[0098] Anodization is usually performed with a direct 
current but an alternating current may of coui-se be 
impressed. An anodic oxide f ijm is suitably formed in an 
amount of 1 to 10 g/m^. If less than 1 g/m^ of an anodic 
oxide film is formed, the resulting lithographic printing 
plate has only a poor printing durability or the non- 
image area of the plate is prone to be damaged and so- 
called "flaw stain" (ink adheres to the damaged area) is 
likely to occur. 

[0099] After anodization, the aluminum surface may 
optionally be hydrophilized. For the purposes of the 
present invention, hydrophilization may be performed by 
an alkali metal silicate (e.g. sodium silicate in aqueous 
solution) method of the types described in U.S. Patents 
2,714,066. 3,181,461, 3.260.734 and 3.902,734. In this 
method, the support is either immersed or electrolyzed 
in an aqueous solution of sodium silicate. Other meth- 
ods that can be used are a treatment with potassiurh 
fluorozirconate as described in Examined Japanese 
Patent Publication (kokoku) No. 22063/1988 and a 
treatment with polyvinyl phosphoric acid as described in 
U.S. Patents 3,276,868. 4.153,461 and 4,689,272. 
[0100] Also preferred is a procedure in which the 
pores produced in graining and anodization are sealed. 
The sealing of pores may be performed by, for example, 
immersing in a hot aqueous solution containing hot 
water and an inorganic or organic salt and exposure to 
a steam bath. 

[01 01 ] The aluminum plate roughened by the method 
of the present invention is a support characterized in 
that physical properties as measured by the methods 
described in Japanese Patent Application Nos. 
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296708/1 996 and 1 76568/1 996 satisfy the following val- 
ues. Specifically, the support satisfies the following sur- 
face morphological features. 

(1) The surface morphology as defined in terms of 
the values measured with AFfs/l (atomic force micro- 
scope) is within the following ranges: 

(i) the value of a/b (specific surface) is in the 
range of 1.15 to 1.5, where a is the surface 
area determined by an approximate three-point 
method and b is the projected area of the top 
portion, both being based on the result of 
measurements within a square of 100 um per 
side using an AFM having a resolving power of 
0.1 fxm in a horizontal (X,Y) direction; 

(ii) an average surface roughness as measured 
within a square of 240 ^m per side using an 
AFM having a resolving power of 1.9 jim in a 
horizontal (X,Y) direction is in the range of 0.3 
to 1.5 jxm; 

(iii) the proportion in which the gradient as 
measured within a square of 240 x 240 ^im 
using an AFM having a resolving power of 1 .9 
pm in a horizontal (X.Y) direction is at least 30 
degrees is in the range of 5 to 40%: 

(iv) a support for lithographic printing plates 
which is an aluminum plate roughened to have 
high and low spots on the surface, character- 
ized in that the proportion in which the gradient 
of a surface gradient distribution as measured 
within a square of 50 ^m x 50 fim using an 
atomic force microscope having a resolving 
power of 0.1 ^m is in the range of 5 to 50%, 

(2) the 85^ gloss as specified in J IS Z9741-1983 
and which is measured before application of a light- 
sensitive layer is no more than 30; 

(3) the proportion of the area occupied by honey- 
comb pits having an average diameter of 0.1 to 3 
^im within a visual field of 80 pm upon examination 
with a scanning electron microscope at a magnifi- 
cation of 750 is 80 to 100%; . 

' (4) the fractal dimension as determined by a box 
counting method, a scale transformation miethod, a 
cover method, a rotating radius method, a density 
correlation function method or the like within a 
square of 1 00 ^m x 1 00 or 240 ^m x 240 ^m per 
side using an AFM having a resolving power of 0.1 
^m or 1 .9 pm in a horizontal (X,Y) direction. 

[01 02] The aluminum plate roughened by the method 
of the present invention is a support which, prior to 
application of a light-sensitive layer, has the following 
values of the surface roughness properties specified in 
JIS B0601-1994 (average surface roughness Ra. 0.3 to 
1 pm; average distance between local peaks, S. 1 to 80 
pm; and average distance between high and low spots. 



Sm, 1 to 80 \xm) and which has good adhesion in the 
image area, as well as a long press life. 
[01 03] The aluminum plate roughened by the method 
of the present invention is a support which, prior to ano- 

5 dization, has the following values of the colors specified 
in JIS 28729-1980 (90<L*<95. AEab*<1) and which is 
white, suffers from only limited unevenness in treatment 
and allows for efficient layout proof ing. 
[0104] The aluminum plate roughened by the method 

10 of the present invention is a support for lithographic 
printing plates which, prior to application of a light-sen- 
sitive layer, has the following values of the glosses spec- 
ified in JIS Z9741-1983 (85^ gloss 40; 75* gloss £ 15; 
60** gloss < 10; 45** gloss < 10; and 20** gloss <, 5). Thus. 

75 it is a support allowing the press operator to have an 
easy access to checking the quantity of dampening 
water in the non-image area during printing. 

EXAMPLES 

20 

[0105] The following examples are provided for the 
purpose of further illustrating the present invention. 

Example 1 

25 

[0106] An aluminum plate (JIS A1050) having a thick- 
ness of 0.24 mm and a width of 1.030 mm was pro- 
duced by a direct casting method without the steps of 
intermediate annealing and soaking and with chemical 
30 etching being performed in an aqueous solution of an 
acid or an alkali. The plate was prone to the develop- 
ment of streaks and grainy unevenness in surface qual- 
ity. The plate was subjected to the following consecutive 
steps. 

35 

(1) Mechanical roughening 

[01 07] Siliceous sand having a specific gravity of 1 . 1 2 
was suspended in water to prepare an atxasive liquid 

40 Slurry With the slurry being supplied onto the surface of 
the aluminum plate, the latter was mechanically rough- 
ened with three rotating nylon brushes in a roller form. 
Each brush had bristles that were made of 6.10 nylon 
arid which had a length of 50 mm and a diameter of 0.48 

45 mm. The bristles were closely embedded in the sidewall 
of a stainless steel cylinder having a diameter of 300 
mm. Two support rollers (200 mm^ were spaced apart 
by 300 mm under the brushes. Each brush roller was 
pressed against the aluminum plate until the load of a 

50 motor driving the brush to rotate was 6 kw in excess of 
the initial value. The brushes rotated in the same direc- 
tion as the aluminum plate advanced. After the mechan- 
ical roughening, the aluminum plate was rinsed with 
water. The speed of the advancing plate was 50 m/mln. 

55 

(2^ Etching in aqueous solution of alkali 

[0108] The aluminum plate was etched by being 
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immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at 70**C. The alumi- 
num plate dissolved in an amount of 6 g/m^. After the 
etching, the aluminum plate was rinsed with water. 

5 

(3) Desmuttina 

. [01 09] Subsequently, the aluminum plate was desmut- 
ted by being immersed in an aqueous solution contain- 
ing 1 wt% of hydrochloric acid at 35°C for 10 seconds. io 
After the desmutting. the aluminum plate was rinsed 
with water. 

(4) Electrochemical rouahenina in aqueous solution of 
hydrochloric acid (to for m fine asperities) 75 

[0110] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and a single unit of the apparatus shown 
in Fig. 2. The electrolyte was an aqueous solution of 1 20 
wt% hydrochloric acid (containing 0.5 wt% of aluminum 
ion) at SS^'C. The AC supply voltage had such a wave- 
form that tp (time for the current to increase from zero 
up to a peak) was 1 msec and the duty ratio was 1 :1 . 
Using an alternating current of a trapezoidal waveform 25 
at 60 Hz, the aluminum plate was roughened electro- 
chemically with a carbon electrode being used as a 
counter electrode. The auxiliary anode was made of f er- . 
rite. 

[Oil 1] The current density was 50 A/dm^ in terms of 30 
a peak current value and the anrwunt of electridty was 
25 C/dm^ in terms of the total sum of electricity applied 
to the aluminum plate working as anode. Five percent of 
the current from the power supply was shunted to the 
auxiliary anode. 35 
[0112] After the electrochemical roughening, the alu- 
minum plate was sprayed with rinse water. 

(5) Etching in aqueous solution of alkali 

40 

[0113] The aluminum plate was etched by being 
immersed in an aqueous solution containing 5 wt% of 
NaOH and 0.5 wt% of aluminum ion at 45*0. The alumi- 
rlum plate dissolved in respective amounts of 0.1 g/m^ 
(Example 1-1), 0.3 g/m^ (Example 1-2), 0.7 g/m^ 45 
(Example 1-3) and 1.1 g/m^ (Example 1-4). After the 
etching, the aluminum plates were rinsed with water. 

(6) Desmutting 

50 

[0114] Subsequently, the aluminum plates were des- 
mutted by being Immersed in an aqueous solution of 1 
wt% nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at 35°C for 10 seconds. 
After the desmutting. the aluminum plates were rinsed 55 
with water. 



(7) Electrochemical rouahenina In aqueous solution of 
nitric qqid 

[0115] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and two units of the apparatus shown in 
Fig. 2. The electrolyte was an aqueous . solution of 1 
wl% nitric add (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at 50*^0. The AC supply 
voltage had such a waveform that tp (time for the current 
to Increase from zero up to a peak) was 1 msec and the 
duty ratio was 1:1. Using an alternating current of a trap- 
ezoidal waveform at 60 Hz. the aluminum plates were 
roughened electrochemlcally with a carbon electrode 
being used as a counter electrode. The auxiliary anode 
was rpade of ferrlte. 

[01 1 6] The current density was 50 A/dm^ in terms of 
a peak current value and the amount of electricity was 
65 C/dm^ in terms of the total sum of electricity applied 
to the aluminum plate working as anode. Five percent of 
the current from the power supply was shunted to the 
auxiliary anode. After the electrochemical roughening, 
the aluminum plates were sprayed with rinse water. 

(8) ElectroDolishing in aqueous solution of alkali 

[0117] The aluminum plates, used as anode, were 
eiectropolished in an aqueous solution containing 9 
wt% of sodium hydroxide and 0.5 wt% of aluminum ion 
at 35*^0. The current density was 20 A/dm^ and alumi- 
num dissolved in an amount of 4 g/m^. 

(9) Desmutting 

[01 1 8] After the electropolishing, the aluminum plates 
were rinsed with water. Subsequently, they were des- 
mutted by being immersed in an aqueous solution con- 
taining 25 wt% of sulfuric acid at 60*^0. Thereafter, the 
aluminum plates were rinsed with water. 

(10) Anodizing 

[0119] The aluminum plates were anodized in an 
aqueous solution of 15 wt% sulfuric acid (containing 0.5 
wt% of aluminum Ion) at 35°C using a DC voltage at a 
current density of 2 A/dm^ until an anodic oxide film 
formed in an amount of 2.4 g/m^. After the anodizing, 
the aluminum plates were sprayed with rinse water. 
[01 20] The thus treated aluminum plates had neither 
streaks nor grainy unevenness in surface quality that 
would have othenA/ise occurred on the surface due to 
directional differences in crystal grains. The plates had 
an average surface roughness of ca. 0.6 jim. 
[01 21 ] An intermediate layer and a light-sensitive layer 
were applied to the aluminum plates and dried to pro- 
duce positive-working PS plates each Having a dry film 
thickness of 2.0 g/m^. The PS plates turned out to be 
good printing plates on press. 
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Example 2 

[01 22] The aluminum plate as anodized in Example 1 - 
2 was hydrophilized by being immersed in an aqueous 
solution of 2.5 wt% sodium silicate at 70**C for 14 sec- 
onds. Thereafter, the aluminum plate was sprayed with 
rinse water and dried. After each of the treatments and 
water rinses, straining was effected with nip rollers. 
[0123] An intermediate layer and a light-sensitive layer 
were applied to the thus treated aluminum plate and 
dried to produce a positive-working PS plate, which 
turned out to be a good printing plate on press. 

ExamplQ 3 

[0124] An aluminum plate (JIS A1050) having a thick- 
ness of 0.24 mm and a width of 1.030 mm was pro- 
duced by a direct casting method without the steps of 
intermediate annealing and soaking and with chemical 
etching being performed in an aqueous solution of an 
acid or an alkali. The plate was prone to the develop- 
ment of streaks and grainy unevenness in surface qual- 
ity. The plate was subjected to the following consecutive 
steps. 

(^) Mechani cal rouohenino 

[0125] Siliceous sand having a specific gravity of 1 .1 2 
was suspended iri water to prepare an abrasive liquid 
slurry. With the slurry being supplied onto the surface of 
the aluminum plate, the latter was mechanically rough- 
ened with three rotating nylon brushes in a roller form. 
Each brush had bristles that were made of 6.10 nylon 
and which had a length of 50 mm and a diameter of 0.48 
mm. The bristles were closely embedded in the sidewall 
of a stainless steel cylinder having a diameter of 300 
mm. Two support rollers (200 mm^) were spaced apart 
by 300 mm under the brushes. Each brush roller was 
pressed against the aluminum plate until the load of a 
motor driving the brush to rotate was 6 kw in excess of 
the Initial value. The brushes rotated in the same direc- 
tion as the aluminum plate advanced. After the mechan- 
ical roughening, the aluminum plate was rinsed with 
water. The speed of the advancing plate was 59 nVmiri. 

(2) Etching in aqueous solution of alkali 

[0126] The aluminum plate was etched by being 
immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at 70°C. The alumi- 
num plate dissolved in an amount of 10 g/m^. After the 
etching, the aluminum plate was rinsed with water. 

(3) DegmiJttinq 

[0127] Subsequently, the aluminum plate was desmut- 
ted by being immersed in an aqueous solution contain- 
ing 1 wt% of hydrochloric acid at 35**C for 10 second. 



After the desmutting. the aluminum plate was rinsed 
with water. 

Electrochemical rouohenin g in aqueous solution of 
5 hydrochloric acid (to form fine asoerities) 

[0128] Electrochemical, roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and a single unit of the apparatus shown 

10 in Fig. 2. The electrolyte was an aqueous solution of 1 
wt% hydrochloric acid (containing 0.5 wt% of aluminum 
ion) at 35°C. The AC supply voltage had such a wave- 
form that tp (time for the current to Increase from zero 
up to a peak) was 1 msec and the duty ratio was 1:1. 

15 Using an alternating current of a trapezoidal waveform 
at 60 Hz, the aluminum plate was roughened electro- 
chemically with a carbon electrode being used as a 
counter electrode. The auxiliary anode was made of fer- 
rite. 

20 [0129] The current density was 50 A/dm^ in terms of 
a peak current value and the amount of electricity was 
25 C/dm^ in terms of the total sum of electricity applied 
to the aluminum pate working as anode. Five percent of 
the current from the power supply wan shunted to the 

25 auxiliary anode. 

[0130] After the electrochemical roughening, the alu- 
minum plate was sprayed with rinse water. 

(SS Etching in aqueous solution of alkali 

30 

[0131] The aluminum plate was etched by being 
immersed jn an aqueous solution containing 5 wt% of 
NaOH and 0.5 wt% of aluminum ion at 45'*C. The alumi- 
num plate dissolved in an amount of 1.1 g/m^. After the 
35 etching, the aluminum plate was rinsed with water. 

(6) Desmuttino 

[01 32] Subsequently, the aluminum plate was desmut- 
40 ted by being immersed in an aqueous solution of 1 wt% 
nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at 35**C for 10 seconds. 
After the desmutting, the aluminum plate was rinsed 
with water. : 

45 

(7) Electrochemical rougheni ng in aqueous solution of 
nitric acid 

[01 33] Electrochemical roughening was performed 
so continuously using an AC voltage of the waveform 
shown in Fig. 1 and two units of the apparatus shown in 
Fig. 2. The electrolyte was an aqueous solution of 1 
w^/o nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at 50°C. The AC supply 
55 voltage had such a waveform that tp (time for the current 
to increase from zero up to a peak) was 1 msec and the 
duty ratio was 1:1. Using an alternating current of a trap- 
ezoidal waveform at 60 Hz. the aluminum plate was 
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roughened electrochemicaily with a cartx)n electrode 
being used as counter electrode. The auxiliary anode 
was made of fenrite. 

[0134] The current density was 50 N6rr? in ternns of 
a peak current value and the amount of electricity in s 
terms of the total sum of electricity applied to the alumi- 
num plate working as anode was 100 C/dm^ (Example 
3-1). 150 C/dm^ (Example 3-2) or 200 G/dm^ (Example 
3-3). Five percent of the current from the power supply 
was shunted to the auxiliary anode. After the electro- io 
chemical roughening, the aluminum plates were 
sprayed with rinse water. 

(8) Etching In aqueous solution of alkali 

75 

[0135] The aluminum plates were etched by being 
immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at 40''C. The alumi- 
num plates dissolved in an amount of 1 g/m^. After the 
etching, the aluminum plates were rinsed with water. so 

m Desmuttinq 

[0136] After the etching, the aluminum plates were 
desmutted by being immersed in an aqueous solution 25 
containing 25 wt% of sulfuric acid at 60°C. After the des- 
mutting. the aluminum plates were rinsed wjth water. 

no^ Anodizing 

30 

[0137] The aluminum plates were anodized in an 
aqueous solution of 15 wt% sulfuric acid (containing 0.5 
wt% of aluminum ion) at ZS'^C using a DC voltage at a 
current density of 2 A/dm^ until an anodic oxide film 
formed in an amount of 2.4 g/m^. After the anodizing. 35 
the aluminum plates were sprayed with rinse water. 
[0138] The thus treated aluminum plates had neither 
streaks nor grainy unevenness in surface quality that 
would have othen^ise occurred on the surface due to 
directional differences in crystal grains. The plates had 40 
an average surface roughness of 0.6 ^m. 
[01 39] The aluminum plate of Example 3-2 was meas- 
ured for L* prior to. anodizing and the result was 93: 
Other characteristic values were as follows: S, 49 ^m; 
Sm, 46 ^m; 85° gloss. 20 ; 75° gloss. 2 ; 60* gloss. 2 : 45 
45** gloss. 3 ; 20*» gloss. 1 . 

[01 40] An intermediate layer and a light-sensitive layer 
were applied to the aluminum plates and dried to pro- 
duce positive-working PS plates each having a dry film 
thickness of 2.0 g/m^. The PS plates turned out to be so 
good printing plates on press. 

Example 4 

[0141] The aluminum plates as anodized in Example ss 
3-1 and Example 3-2 were hydrophilized by being 
immersed in an aqueous solution of 2.5 wt% sodium sil- 
icate at 70<*C for 14 seconds. Thereafter, the aluminum 



plates were sprayed with rinse water and dried. After 
each of the treatments and water rinses, straining was 
effected with nip rollers. 

[0142] An intermediate layer and a negative-working 
light-sensitive layer were applied to the thus treated alu- 
minum plates and dried to produce PS plates, which 
turned out to be good printing plates on press: 

Examole 5 

[0143] An aluminum plate (J IS A1050) having a thick- 
ness of 0.24 mm and a width of 1,030 mm was pro- 
duced by a direct casting method without the steps of 
intermediate annealing and soaking and with chemical 
etching being performed in an aqueous solution of an 
acid or an alkali. The plate was prone to the develop- 
ment of streaks and grainy unevenness in surface qual- 
ity. The plate was subjected to the following consecutive 
steps. 

(1) Mechanical rouahening 

[0144] Siliceous sand having a specific gravity of 1 . 1 2 
was suspended in water to prepare an abrasive liquid 
slun-y. With the slurry being supplied onto the surface of 
the aluminum plate, the latter was mechanically rough- 
ened with three rotating nylon brushes in a roller form. 
Each brush had bristles that were made of 6.10 nylon 
and which had a length of 50 mm and a diarneter of 0.48 
mm. The bristles were closely embedded in the sidewall 
of a stainless steel cylinder having a diameter of 300 
mm. Two support rollers (200 mm^) were spaced apart 
by 300 mm under the brushes. Each brush roller was 
pressed against the aluminum plate until the load of a 
motor driving the brush to rotate was 6 kw in excess of 
the initial value. The brushes rotated in the same direc- 
tion as the aluminum plate advanced. After the mechan- 
ical roughening, the aluminum plate was rinsed with 
water. The speed of the advancing aluminum plate was 
50 m/min. 

(2) Etching in aqueous solution of alkali 

[0145] The aluminum plate was etched by being 
immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion t 70**C. The alumi- 
num plate dissolved in an amount of 10 gtvc?. After the 
etching, the aluminum plate was rinsed with water. 

(3) Mechanlc ailv producing fine asperities 

[0146] The aluminum plate was rubbed with a water- 
moistened nylon sponge moving in a direction perpen- 
dicular to the direction of rolling. As a result, fine asper- 
ities were formed on the aluminum surface. 
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(A) Desmutting 

[0147] Subsequently, the aluminum plate was desmut- 
ted by being immersed In an aqueous solution of 1 wt% 
nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at 35°C for 10 second. 
After the desmutting, the aluminum plate was rinsed 
with water. 

(5) Electroc hemical roughening in aqueous solution of 

pitricacM 

[0148] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and two units of the apparatus shown in 
Fig. 2. The electrolyte was an aqueous solution of 1 
wt% nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at 50**C- The AC supply 
voltage had such a waveform that tp (time for the current 
to increase from zero up to a peak) was 1 msec and the 
duty ratio was 1:1. Using an alternating current of a trap- 
ezoidal waveform at 60 Hz, the aluminum plate was 
roughened electrochemically with a carbon electrode 
being used as a counter electrode. The auxiliary anode 
was made of ferrite. 

[0149] The current density was 50 A/dm^ in terms of 
a peak current value and the amount of electricity was 
1 75 C/dm^ in terms of the total sum of electricity applied 
to the aluminum plated working as anode. Five percent 
of the current from the power supply was shunted to the 
auxiliary anode. After the electrochemical roughening, 
the aluminum plate was sprayed with rinse water. 

(6) Etching in aqueous solution of alkali 

[0150] The aluminum plate was etched by being 
immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at 40*0. The alumi- 
num plate dissolved In an amount of 1 g/m^. After the 
etching, the aluminum plate was rinsed with water. 

(7) Desmutting 

[0151 ] Thereafter, the aluminum, plate was rinsed with 
water. Subsequently, the aluminuni plate was desmut- 
ted by being immersed in an aqueous solution contain- 
ing 25 wt% sulfuric acid at eC^C. After the desmutting, 
the aluminum plate was rinsed with water. 

(8) Anodizing 

[0152] The aluminum plate was anodized in an aque- 
ous solution of 15 wt% sulfuric add (Containing 0.5 wt% 
of aluminum ion) at 35*'C using a DC voltage at a cur- 
rent density of 2 A/dm^ until an anodic oxide film formed 
In an amount of 2.4 g/rr?. After the anodizing, the alumi- 
num plate was sprayed with rinse water. 
[0153] The thus treated aluminum plate had neither 



streaks nor grainy unevenness in surface quality that 
would have otherwise occurred on the surface due to 
directional differences in crystal grains. The plate had 
an average surface roughness of ca. 0.6 ^m. . 
5 [01 54] An intermediate layer and a light-sensitive layer 
were applied to the aluminum plate and dried to pro- 
duce a positive-working PS plate having a dry film thick- 
ness of 2.0 g/m^. The PS plate turned out to be a good 
printing plate on press. 

10 

gxampie g 

[01 55] An aluminum plate (J IS A1 050) having a thick- 
ness of 0.24 mm and a width of 1 ,030 mm was pro- 

75 duced by a direct casting method without the steps of 
intermediate annealing and soaking and with chemical 
etching being performed in an aqueous solution of an 
acid or an alkali. The plate was prone to the develop- 
ment of streaks and grainy unevenness in surface qual- 

20 ity. The plate was subjected tot eh following consecutive 
steps. 

(1) Etching in aque ous solution of alkali 

25 [0156] The aluminum plate was etched by being 
immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at 70*C. The alumi- 
num plate dissolved in an amount of 3 g/m^. After the 
etching, the aluminum plate was rinsed with water. 

30 

(2) Desmutting 

[01 57] Subsequently the aluminum plate was desmut- 
ted by being immersed in an aqueous solution contain- 
35 ing 1 wt% of hydrochloric acid at 35°C for 10 seconds. 
After the desmutting, the aluminum plate was rinsed 
with water. 

(3^ Electrochemical rouohenino in aqueous solution of 
40 hydrochloric acid (to form fine asperities) 

[0158] Electrochemical roughening was performed 
. contiriuously , using an AC voltage of the waveform 
shown In Fig. 1 and a single unit of the apparatus shown 

45 in Fig. 2. The electrolyte was an aqueous solution of i 
wt% hydrochloric acid (containing 0.5 wt% of aluminum 
ion) at 35°C. The AC supply voltage had such a wave- 
form that tp (time for the cun-ent to increase from zero 
LP to a peak) was 1 msec and the duty ratio was 1:1. 

so Using an alternating current of a trapezoidal waveform 
at 60 Hz, the aluminum plate was roughened electro- 
chemically with a carbon electrode being used as a 
counter electrode. The auxiliary anode was made of fer- 
rite. 

55 [01 59] The cun-ant density was 50 A/dm^ in terms of 
a peak current value and the amount of electricity was 
25 C/dm^ in terms of the total sum of electricity applied 
to the aluminum plate working as anode. Five percent of 
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the current from the power supply was shunted to the 
auxiliary anode. 

[0160] After the electrochemical roughening, the alu- 
minum plate was sprayed with rinse water. 

(4^ Etching in aqueous solution of alkali 

[0161] The aluminum plate was etched by being 
immersed in an aqueous solution Containing 5 wt% of 
NaOH and 0.5 wt% of aluminum ion at 45^*0. The alumi- 
num plate dissolved in an amount of 0.3 g/m^. After the 
etching, the aluminum plate was rinsed with water. 

(5) Desmutting 

[01 62] Subsequently, the aluminum plate was desmut* 
ted by being immersed in an aqueous solution of 1 wt% 
nitric acid (containing 0,5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at 35°C for 10 seconds. 
After the desmutting. the aluminum plate was rinsed 
with water. 

(6) Electrochemical roughening in aqueous solution of 
nitric acid 

[0163] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and two units of the apparatus shown in 
Fig. 2. The electrolyte was an aqueous solution of 1 
wt% of nitric acid (containing 0.5 wt% of aluminum ion 
and 0.007 wt% of ammonium ion) at 50**C. The AC sup- 
ply voltage had such a waveform that tp (time for the 
current to increase from zero up to a peak) was 1 msec 
and the duty ratio was 1:1. Using an alternating current 
of a trapezoidal waveform at 60 Hz. the aluminum plate 
was roughened electrochemically with a carbon elec- 
trode being used as a counter electrode. The auxiliary 
anode was made of fen-rte. 

[0164] The cunrent density was 50 N6tT? in terms of 
a peak current value and the amount of electricity in 
terms of the total sum of electricity applied to the alumi- 
num plate working as anode was 180 C/dm^ (Example 
6-1), 230 C/dm^ (Example 6-2) or 500 C/drn^ (Example 
6-3). Five percent of the current froni the power supply 
was shunted to the auxiliary anode. After the electro- 
chemical roughening, the aluminum plates were 
sprayed with rinse water. 

(7) Etching in aqueous solution of alkali 

[0165] The aluminum plates were etched by being 
immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at 40''C. The alumi- 
num plates dissolved in an amount of 0. 1 qIvt?. After the 
etching, the aluminum plates were rinsed with water. 



(8) Desmutting 

[0166] After the etching, the aluminum plates were 
desmutted by being immersed in an aqueous solution 
5 containing 25 wt% of sulfuric acid at 60**C. After the des- 
mutting, the aluminum plates were rinsed with water. 

(9^ Anodizing 

10 [0167] The aluminum plates were anodized in an 
aqueous solution of 15 wt% sulfuric acid (containing 0.5 
wt% of aluminum ion) at 35''C using a DC voltage at a 
current density of 2 A/dm^ until an anodic oxide film 
formed in an amount of 2.4 g/m^. After the anodizing, 

15 the aluminum plates were sprayed with rinse water. 
[0168] The thus treated aluminum plates had neither 
streaks nor grainy unevenness in surface quality that 
would have othenwise occurred on the surface due to 
directional differences in crystal grains. 

20 [01 69] An intermediate layer and a light-sensitive layer 
were applied to the aluminum plates and dried to pro- 
duce positive-working PS plates each having a dry film 
thickness of 2.0 g/m^. The PS plates turned out to be 
good printing plates on press. 

25 

Example 7 

[0170] The aluminum plates as anodized in Example 
6-1. Example 6-2 and Example 6-3 were hydrophllized 

30 by being immersed in an aqueous solution of 2.5 wt% 
sodium silicate at 70''C for 14 seconds. Thereafter, the 
aluminum plates were sprayed with rinse water and 
dried. After each of the treatments and water rinses, 
straining was effected with nip rollers. 

35 [0171] An intermediate layer and a negative-working 
light-sensitive layer were applied to the thus treated alu- 
minum plates and dried to produce PS plates, which 
turned out to be good printing plates on press. 

40 Exampig 8 

[0172] An aluminum plate (J IS A1050) having a thick- 
ness of 0.24 mm and a width of 1,030 mm was pro- 
duced by a direct casting method without the steps of 
45 intermediate annealing and isoaking and with chemical 
etching being performed in an aqueous solution of an 
add or an alkali. The plate was prone to the appearance 
of streaks and grainy unevenness in surface quality. The 
plate was subjected to the following consecutive steps. 

so 

(1) Mechanical roughening 

[01 73] Siliceous sand having a specific gravity of 1 . 1 2 
was suspended in water to prepare an abrasive liquid 
55 slurry With the slun-y being supplied onto the surface of 
the aluminum plate, the latter was mechanically rough- 
ened with three rotating nylon brushes in a roller form. 
Each brush had bristles that were made of 6.10 nylon 
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and which had a length of 50 mm and a diameter of 0.48 
mm. The bristles were closely embedded in the sidewall 
of a stainless steel cylinder having a diameter of 300 
mm. Two support rollers (200 mm*^) were spaced apart 
by 300 mm under the brushes. Each brush roller was 
pressed against the aluminum plate until the load of a 
motor driving the brush to rotate was 6 kw In excess of 
the initial value. The brushes rotated in the same direc- 
tion as the aluminum plate advanced. After the mechan- 
ical roughening, the aluminum plate was rinsed with 
water. The speed of the advancing plate was 50 m/min. 

(2) Etching in aoueous solution of alkali 

[0174] The aluminum plate was etched by being 
Immersed in an aqueous solution Containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at 70**C. The alumi- 
num plate dissolved in an amount of 9 g/m^. After the 
etching, the aluminum plate was rinsed with water. 

(3^ Desmuttino 

[01 75] Subsequently, the aluminum plate was desmut- 
ted by being immersed in an aqueous solution contain- 
ing 1 wt% of hydrochloric acid at SS'^C for 10 seconds. 
After the desmutting, the aluminum plate was rinsed 
with water. 

(4) Electrochemical rouahenino in aoueous solution of 
hydrochloric acid (to form fine asperities) 

[0176] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and a single unit of the apparatus shown 
in Fig. 2. The electrolyte was an aqueous solution of 1 
wt% hydrochloric acid (containing 0.5 wt% of aluminum 
ion) at 35**C. The AC supply voltage had such a wave- 
form that tp (time for the current to increase from zero 
up to a peak) was 1 msec and the duty ratio was 1:1. 
Using an alternating current of a trapezoidal waveform 
at 60 Hz, the aluminum plate was roughened electro- 
chemically with a cartx)n electrode being used as a 
counter electrode. The auxiliary anode was made of fer- 
rite. 

[0177] The current density was 50 A/dm^ and the 
amount of electricity was 25 C/dm^ in terms of the total 
sum of electricity applied to the aluminum plates work- 
ing as anode. Five percent of the current from the power 
supply was shunted to the auxiliary anode. 
[0178] After the electrochemical roughening, the alu- 
minum plate was sprayed with rinse water. 

(5) Etching In aoueous solution of alkali 

[0179] The aluminum plate was etched by being 
immersed in an aqueous solution containing 5 wt% of 
NaOH and 0.5 wt% of aluminum Ion at 45**C. The alumi- 
num plate dissolved in an amount of 0.3 g/m^. After the 



etching, the aluminum plate was rinsed with water. 
(&) Desmuttino 

5 [0180] Subsequently, the aluminum plate was desmut- 
ted by being immersed in an aqueous solution of 1 wt% 
nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium Ion) at 35°C for 10 seconds. 
After the desmutting, the aluminuhn plate was rinsed 

10 with water. 

(7^ Electrochemical roughening in aqueous solution of 

nitric acid 

15 [0181] Electrochemical roughening wasf performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and two units of the apparatus shown in 
Fig. 2. The electrolyte was an aqueous solution of 1 
wt% nitric acid (containing 0.5 wt% of aluminum ion and 

20 0.007 virt% of ammonium ion) at SO^'C. The AC supply 
voltage had such a waveform that tp (time for the current 
to increase from zero up to a peak) was 1 msec and the 
duty ratio was 1:1. Using an alternating current of a trap- 
ezoidal waveform at 60 Hz, the aluminum plate was 

25 roughened electrochemically with a carbon electrode 
being used as a counter electrode. The auxiliary anode 
was made of ferrite. 

[01 82] The Current density was 50 A/dm^ in terms of 
a peak current value and the amount of electricity in 

30 terms of the total sum of electricity applied to the alumi- 
num plate working as anode was 50 C/dm^ (Example 8- 
1), 100 C/dm^ (Example 8-2) or 150 C/dm^ (Example 8- 
3). Five percent of the current from the power supply 
was shunted to the auxiliary anode. After the electro- 

35 chemical roughening, the aluminum plates were 
sprayed with rinse water. 

(8^ Etching in aoueous solution of alkali 

40 [0183] The aluminum plates were etched by being 
immersed in an aqueous solution containing 5 wt% of 
NaOH and 0.5 wt% of aluminum ion at 45**C. The alumi- 
num plates dissolved in an amount of 0.2 g/m?. After the 
etching, the aluminum plates were rinsed with, water. 

(9) Desmuttino 

[0184] After the etching, the aluminum plates were 
rinsed with water. Subsequently, they were desmutled 
50 by being immersed in an aqueous solution containing 
25 wt% of sulfuric acid at 60**C Thereafter, the alumi- 
num plats were rinsed with water. 

no) Anodizing 

55 

[0185] The aluminum plates were anodized in an 
aqueous solution of 1 5 wt% sulfuric acid (containing 0.5 
wt% of aluminum Ion) at 35''C using a DC voltage at a 
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current density of 2 A/dm^ until an anodic oxide film 
formed in an amount of 2.4 g/m^. After the anodizing, 
the aluminum plates were sprayed with rinse water. 
[0186] The thus treated aluminum plates had neither 
streaks nor grainy unevenness in surface quality that s 
would have otherwise occurred on the surface due to 
directional differences in crystal grains. The plates had 
an average surface roughness of ca. 0.6 \im. 
[0187] An intermediate layer and a light-sensitive layer 
were applied to the aluminum plates and dried to pro- io 
duce positive-working PS plates each having a dry film 
thickness of 2.0 g/m^. The PS plates turned out to be 
good printing plates on press. 

Example 9 is 

[0188] The aluminum plate as anodized in Example 8- 
1 was hydrophilized by being immersed in an aqueous 
solution of 2.5 wt% sodium silicate at 70°C for 14 sec- 
onds. Thereafter, the aluminum plate was sprayed with 20 
rinse water and dried. After each of the treatments and 
water rinses, straining was effected with nip rollers. 
[0189] An intermediate layer and a negative-working 
light-sensitive layer were applied to the thus treated alu- 
minum plate and dried to produce a PS plate, which 25 
turned out to be a good printing plates on press. 



was suspended in water to prepare an abrasive liquid 
slurry. With the slurry being supplied onto the surface of 
the aluminum plate, the latter was mechanically rough- 
ened with three rotating nylon brushes in a roller form. 
Each brush had bristles that were made of 6.10 nylon 
and which had a length of 50 mm and a diameter of 0.48 
mm. The bristles were closely embedded in the sidewall 
of a stainless steel cylinder having a diameter of 300 
mm. Two support rollers (100 mm0) were spaced apart 
by 300 mm under the brushed. Each brush roller was 
pressed against the aluminum plate until the load of a 
motor driving the brush to rotate was 6 kw in excess of 
the initial value. The brushes rotated in the same direc- 
tion as the aluminum plate advanced. After the mechan- 
ical roughening, the aluminum plate was rinsed with 
water. The speed of the advancing plate was 50 m/min. 

(2) Etching in aqueous solution of alkali 

[0194] The aluminum plate was etched by being 
Immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 w1% of aluminum ion at 70''C. The alumi- 
num plate dissolved In an amount of 10 g/m^. After the 
etching, the aluminum plate was rinsed with water. 

(2^ Desmuttina 



Comparative Example 1 

[0190] An aluminum plate was roughened as in Exam- 
ple 1 except that neither of the steps (3). (4) and (5) 
were performed. The thus treated aluminum plate had 
streaks and grainy unevenness in surface quality devel- 
oping on the surface due to directional differences in 
crystal grains. 

[0191] According to the present invention, a method of 
producing an aluminum support for a lithographic print- 
ing plate that is less prone to the appearance of 
"streaks'* or "grainy unevenness in surface quality" 
which are defects that would otherwise occur from the 
difference In the rate of aluminum dissolution due to 
directional differences in crystal grains can be provided 
consistently and at low cost . 

Example 10 

[0192] An aluminum plate (JIS A1050) having a thick- 
ness of 0.24 mm and a width of 1 ,030 mm was pro- 
duced by a direct casting method without the steps of 
intermediate annealing and soaking and with chemical 
etching being performed in an aqueous solution of an 
acid or an alkali. The plate was prone to the appearance 
of streaks and grainy unevenness in surface quality. The 
plate was subjected to the following consecutive steps. 

Mechanical rouohenino 



101 95] Subsequently, the aluminum plate was desmut- 
ted by being immersed in an aqueous solution contain- 
30 ing 1 wt% of hydrochloric acid at ZS^'C for 10 seconds. 
After the desmutting. the aluminum plate was rinsed 
with water. 

(4^ Preliminary electrochemical r oughening in aqueous 
35 solution of hy drochloric acid 

[0196] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown In Fig. 1 and a single unit of the apparatus shown 

40 in Fig. 2. The electrolyte was an aqueous solution of 1 
wt% hydrochloric acid (containing 0.5 wt% of aluminum 
ion) at 35**C. The AC supply voltage had such a wave- 
form that tp (time for the current to. increase from zero 
up to a peak) was 1 msec and the duty ratio was 1:1. 

45 Using an alternating current of a trapezoidal waveform 
at 60 Hz. the aluminum plate was roughened electro- 
chemically with a carbon electrode being used as a 
counter electrode. The auxiliary anode was made of fer- 
rite. 

so [0197] The cun-ent density was 50 A/dm^ in terms of 
a peak current value and the amount of electricity was 
40 C/dm^ in terms of the total sum of electricity applied 
to the aluminum plate working as anode. Five percent of 
the current from the power supply was shunted to the 

55 auxiliary anode. After the electrochemical roughening, 
the aluminum plate was sprayed with rinse water. 



[01 93] Siliceous sand having a specific gravity of 1 . 1 2 
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fS) ElectroDolishina in aqueous solution of alkali 



(10) Anodizing 



[0198] The aluminum plate, used as anode, was elec- 
tropolished by being immersed In an aqueous solution 
containing 9 wt% of NaOH and 0.5 wt% of aluminum ion 
at 35°C. The current density was 20 A/dm^ and alumi- 
num dissolved in an amount of 4 g/m^. 

(6) DesmuttihQ 

[01 99] Subsequently, the aluminum plate was desmut- 
ted by being immersed in an aqueous solution of 1 wt% 
nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at 35**C for 10 seconds. 
After the desmutting, the aluminum plate was rinsed 
with water. 

(7) Electrochemical roughenino in aoueous solution of 
nitric acid 

[0200] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and two units of the apparatus shown in 
Fig. 2. The electrolyte was an aqueous solution of 1 
wt% nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at SO^C. The AC supply 
voltage had such a waveform that tp (time for the current 
to increase from zero up to a peak) was 1 msec and the 
duty ratio was 1 :i . Using an alternating current of a trap- 
ezoidal waveform at 60 Hz, the aluminum plate was 
roughened electrochemically with a carbon electrode 
being used as a counter electrode. The auxiliary anode 
was made of ferrite. 

[0201] The current density was 50 A/dm^ in terms of 
a peak current value and the amount of electridty was 
230 C/dm^ in terms of the total sum of electricity applied 
to the aluminum plate working as anode. Five percent of 
the current from the power supply was shunted to the 
auxiliary anode. After the electrochemical roughening, 
the aluminum plate was sprayed with rinse water. 

(8) Etching In aoueous solution of alkali 

[0202] The aluminum plate was etched in an aqueous 
solution containing 26 wt% of isodium hydroxide and 6.5 
wt% of aluminum Ion at 45**C. The aluminum dissolved 
in an amount of 1 g/m^. After the etching, the aluminum 
plate was rinsed with water. 

(9) Desmutting 

[0203] After the etching, the aluminum plate was 
rinsed with water. Subsequently, it was desmutted by 
being immersed in an aqueous solution containing 25 
wt% of sulfuric acid at 60**C, Thereafter, the aluminum 
plate was rinsed with water. 



[0204] The aluminum plate was anodized in an aque- 
ous solution of 15 wt% sulfuric acid (containing 0.5 wt% 

5 of aluminum ion) at 35°C using a DC voltage at a cur- 
rent density of 2 A/dm^ until an anodic oxide film formed 
in an amount of 2.4 g/m^. After the anodizing, the alumi- 
num plate was sprayed with rinse water. 
[0205] The thus treated aluminum plate had neither 

10 streaks nor grainy unevenness in surface quality that 
would have otherwise occurred on the surface due to 
directional differences in crystal grains. The plate had 
an average surface roughness of ca. 0.6 nm. 
[0206] An intermediate layer and alight-sensitive layer 

75 were applied to the aluminum plate and dried to pro- 
duce a positive- working PS plate having a dry film thick- 
ness of 2.0 g/m^. The PS plate turned but to be a good 
printing plate on press. 

20 Example 1 1 

[0207] The aluminum plate as anodized in Example 
10 was hydrophilized by being immersed In an aqueous 
solution of 2.5 wt% sodium silicate at 70^C for 14 sec- 

25 onds. Thereafter, the aluminum plate was sprayed with 
rinse water and dried. After each of the treatments and 
water rinses, straining was effected with nip rollers. 
[0208] An Intermediate layer and a negative-working 
light:sensitive layer were applied to the thus treated alu- 

30 minum plate and dried to produce a PS plate, which 
turned out to be a good printing plate on press. 



Example 12 

35 [0209] An alumi num plate was roughened as in Exam- 
ple 10. except that the chemical etching in the aqueous 
alkali solution in (8) of Example 1 was replaced by elec- 
tropolishing in an aqueous solution containing 9 wt% of 
sodium hydroxide and 0,5 wt% of aluminum ion at 35*'C 

40 and at a current density of 20 A/dm^, with the aluminum 
plate used as anode, such that 1 g/vni^ of aluminum dis- 
solved. An intermediate layer and a negative-working 
light-sensitive layer were applied to the thus treated alu- 
minum plate and dried to produce a PS plate, which 

45 turned out to be a good printing plate on press. 

Example 13 

[0210] The aluminum plate as anodized in Example 
so 12 was hydrophilized by being immersed in an aqueous 
solution of 2.5 wt% of sodium silicate at 70°C for 1 4 sec- 
onds. Thereafter, the aluminum plate was sprayed with 
rinse water and dried. After each of the treatments and 
water rinses, straining was effected with nip rollers. 
55 [0211] An intermediate layer and a negative-working 
light-sensitive layer were applied to the thus treated alu- 
minum plate and dried to produce a PS plate, which 
turned out to be a good printing plate on press. 



19 



37 



EP 0 924 101 A2 



38 



Example 14 

[021 2] An aluminum plate (J IS A1 050) having a thick- 
ness of 0.24 mm and a width of 1,030 mm was pro- 
duced by a direct casting method without the steps of s 
intermediate annealing and soaking and with chemical 
etching being performed in an aqueous solution of an 
acid or ah alkali. The plate was prone to the appearance 
of streaks and grainy unevenness in surface quality. The 
plate was subjected to the following consecutive steps. io 

(1) Mechanical rouohenino 

[021 3] Siliceous sand having a specific gravity of 1 . 1 2 
was suspended in water to prepare an abrasive liquid is 
slurry. With the slurry being supplied onto the surface of 
the aluminum plate, the latter was mechanically rough- 
ened with three rotating nyion brushes in a roller form. 
Each brush had bristles that were made of 6.10 nylon 
and which had a length of 50 mm and a diameter of 20 
0-295 mm. The bristles were closely embedded In the 
sidewall of a stainless steel cylinder having a diameter 
of 300 mm. Two support rollers (1 00 mm^) were spaced 
apart by 300 mm under the brushes. Each brush roller 
was pressed against the aluminum plate until the toad of 25 
a motor driving the brush to rotate was 4 kw in excess of 
the initial value. The brushes rotated in the same direc- 
tion as the aluminum plate advanced. After the mechan- 
ical roughening, the aluminurn plate was rinsed with, 
water. The speed of the advancing plate was 50 m/min. so 

(2) Etchlno in aqueous solution of alkali 

[0214] The aluminum plate was etched by being 
immersed in an aqueous solution containing 27 wt% of 35 
NaOH and 6.5 wt% of aluminum ion at 70°C: The alumi- 
num plate dissolved in an anx>unt of 6 g/rrr. After the 
etching, the aluminum plate was rinsed with water. 

(3) Dggmytting 

[021 5] Subsequently, the aluminum plate was desmut- 
ted by being immersed in an aqueous solution contain- 
ing 1 wt% of hydrochiohc acid at SS^'C for 10 seconds. 
After the desmuttihg, the aluminum plate was rinsed 
. with water. 

(4) Preliminary electrochemical rouoheninq in aoueous 
solution of hydrochloric acid 

[0216] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and a single unit of the apparatus shown 
in Fig. 2. The electrolyte was an aqueous solution of 1 
wt% hydrochloric add (containing 0.5 wt% of aluminum 55 
Ion) at 35°C. The AC supply voltage had such a wave- 
form that 1p (time for the current to increase from zero 
up to a peak) was 1 msec and the duty ratio was 1 :1 . 



Using an alternating current of a trapezoidal waveform 
at 60 Hz. the aluminum plate was roughened electro- 
chemlcally with a carbon electrode being used as a 
counter electrode. The auxiliary anode was made of fer- 
rlte. 

[0217] The current density was 50 A/dm^ in terms of 
a peak current value and the amount of electricity in 
terms of the total sunri of electricity applied to the alumi- 
num plate working as anode was 25 C/dm^ (Example 
14-1). 40 C/dm^ (Example 14-2). 100 C/dm^ (Example 
14-3). or 150 C/dm^ (Example 14-4), Five percent of the 
current from the power supply was shunted to the auxil- 
iary anode. 

[0218] After the electrochemical roughening, the alu- 
minum plates were sprayed with rinse water. 

(SS Etchlno in aoueous solution of alkali 

[0219] The aluminum plates were etched by being 
immersed in an aqueous solution containing 26 wt% of 
NaOH and 6.5 wt% of aluminum Ion at 45°C. The alumi- 
num plates dissolved in an amount of 0.3 g/m^. After the 
etching, the aluminum plates were rinsed with water. 

(6) Desmuttino 

[0220] Sut)sequently. the aluminum plates were des- 
mutted by being immersed in an aqueous solution of 1 
wt% nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at 35*^0 for 10 seconds. 
After the desmutting. the aluminum plates were rinsed 
with water. . 

(7) Electrochemical roug hening In aqueous solution of 
nitric add 

[0221] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and two units of the apparatus shown In 
Fig. 2. The electrolytes was an aqueous solution of 1 
wt% nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at SC^C. The AC supply 
voltage had such a waveform that tp (time for the current 
to increase from zero up to a peak) was. 1 msec and the 
duty ratio was 1 :1 . Using an alternating current of a trap- 
ezoidal waveform at 60 Hz. the aluminum plate was 
roughened electrochemlcally with a carbon electrode 
being used as counter electrode. The auxiliary anode 
was made of ferrite. 

[0222] The current density was 50 A/dm^ in terms of 
a peak current value and the amount of electricity was 
65 C/dm^ In terms of the total sum of electricity applied 
to the aluminum plate working as anode. Five percent of 
the current from the power supply was shunted to the 
auxiliary anode. After the electrochemical roughening, 
the aluminum plates were sprayed with rinse water. 
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(S) Etching in aqueous solution of alkali 

[0223] The aluminum plates were etched by being 
immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at 40*'C. The alumi- 
num plates dissolved in an amount of 1 g/m^. After the 
etching, the aluminum plates were rinsed with water. 

(9) Desmuttino 

[0224] After the etching, the aluminum plates were 
desmutted by being immersed in an aqueous solution 
containing 25 wt% of sulfuric acid at 60*^0. After the des- 
mutting. the aluminum plates were rinsed with water. 

(10) Anodizing 

[0225] The aluminum plates were anodized in an 
aqueous solution of 1 5 wt% sulfuric acid (containing 0.5 
wt% of aluminum ion) at 35*'C using a DC voltage at a 
current density of 2 A/dm^ until an anodic oxide film 
formed in an amount of 1.2 g/m^. After the anodizing, 
the aluminum plates were sprayed with rinse water. 
[0226] The thus treated aluminum plates had neither 
streaks nor grainy unevenness in surface quality that 
would have othen^/ise occurred on the surface due to 
directional differences in crystal grains. The plates had 
an average surface roughness of ca. 0.35 ^m. 
[0227] An intermediate layer and a light-sensitive layer 
were applied to the aluminum plates and dried to pro- 
duce proofing positive-working PS plates each having a 
dry film thickness of 2.0 g/m^. Using these PS plates, 
printing was done on a proofing press and the following 
good results were obtained; smooth movement of a 
sponge for replenishing danrpening water and high ink 
receptivity. 

Example 15 

[0228] An aluminum plate was roughening as in 
Example 5, except that the chemical etching in the 
aqueous alkali solution in (8) of Example 14 was 
replaced by electropolishing in an aqueous solution 
containing 9 wt% of sodium hydroxide and 0.5 wt% of 
aluminum ion at 35**C at a cun-ent density of 20 A/dm^, 
with the aluminum plate used as an anode, such that 4 
g/m^ of aluminum dissolved. An intermediate layer and 
a negative-working light-sensitive layer were applied to 
the thus treated aluminum plate and dried to produce a 
PS plate, which turned out to be a good printing plate on 
press. 

Example 16 

[0229] An aluminum plate (J IS A1050) having a thick- 
ness of 0.24 mm and a width of 1,030 mm was pro- 
duced by a direct casting method without the steps of 
intermediate annealing and soaking and with chemical 



etching being performed in an aqueous solution of an 
acid or an alkali. The plate was prone to the appearance 
of streaks and grainy unevenness in surface quality. The 
plate was subjected to the following consecutive steps. 

5 

(1) Etching in aqueous solution of alkali 

[0230] . The aluminum plate was etched by being 
immersed in an aqueous solution containing 27 wt% of 
10 NaOH and 6.5 wt% of aluminum ion at 70°C. The alumi- 
num plate dissolved In an amount of 3 g/m^. After the 
etching, the aluminum plate was rinsed with water. 

(2) Desmuttino 

75 

[0,231 ] Subsequently, the aluminum plate was desmut- 
ted by being immersed in an aqueous solution contain- 
ing 1 wt% of hydrochloric add at 35*C for 10 seconds. 
After the desnnutting, the aluminum plate was rinsed 
20 with water. 

(a) ElQctrochemical roughening in aque ous solution of 
hydrochloric acid (to form fine asperities) 

25 [0232] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and a single unit of the apparatus shown 
in Fig. 2. The electrolyte was an aqueous solution of 1 
wt% hydrochloric acid (containing 0.5 wt% of aluminum 

30 ion) at 35**C. The AC supply voltage had such a wave- 
form that tp (time for the cun-ent to increase from zero 
up to a peak) was 1 msec and the duty ratio was 1:1. 
Using an alternating current of a trapezoidal waveform 
at 60 Hz. the aluminum plate was roughened electro- 

35 chemically with a carbon electrode being used as a 
counter electrode. The auxiliary anode was made of fer- 
rite. 

[0233] The cun-ent density was 50 A/dm^ in terms of 
a peak cunrent value and the amount of electricity was 
40 50 C/dm^ in terms of the total sum of electricity applied 
to the aluminum plate working as anode. Five percent of 
the current from the power supply was shunted to the 
. . auxiliary anode. After the electrochemical roughening, 
the aluminum plate was sprayed with rinse water. 

' 45 ' ' ' ' 

(4) Etching in aoueous solution of alkali 

[0234] The aluminum plate was etched by being 
immersed in an aqueous solution containing 5 wt% of 
so NaOH and 0.5 wt% of aluminum ion at 45°C. The alumi- 
num plate dissolved in an amount of 0.3 g/m^. After the 
etching, the aluminum plate was rinsed with water. 

(5^ Desmuttino 

55 

[0235] Subsequently, the aluminum plate was desmut- 
ted by being immersed in an aqueous solution of 1 wt% 
nitric add (containing 0.5 wt% of aluminum ion and 
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0.007 wt% of ammonium ion) at 35°C for 10 seconds. 
After the desmutting. the aluminum plate was rinsed 
with water. 

(6) Electrochemical roughening in aoueous soiution of 
nitric acid 

[0236] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and two units of the apparatus shown in 
Fig. 2. The electrolyte was an aqueous solution of 1 
wt% of nitric acid (containing 0.5 wt% of aluminum ion 
and 0.007 wt% of ammonium ion) at 50*C. The AC sup- 
ply voltage had such a waveform that tp (time for the 
current to increase from zero up to a peak) was 1 msec 
and the duty ratio was 1 :1 . Using an alternating current 
of a trapezoidal waveform at 60 Hz. the aluminum plate 
was roughened electrochemicaily with a cartoon elec- 
trode being used as a counter electrode. The auxiliary 
anode was made of ferrite. 

[0237] The current density was 50 A/dm^ in terms of 
a peak current value and the amount of electricity in 
terms of the total sum of electricity applied to the alumi- 
num plate working as anode was 180 C/dm^ (Example 
16-1). 230 C/dm^ (Example 16-2) or 500 C/dm^ (Exam- 
ple 16-3). Five percent of the current from the power 
supply was shunted to the auxiliary anode. After the 
electrochemical roughening, the aluminum plates were 
sprayed with rinse water. 

(7) Etchino in aqueous solution of alkali 

[0238] The aluminum plates were etched by being 
increased in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at 40°C. The alumi- 
num plates dissolved in an amount of 0. 1 g/m^. After the 
etching, the aluminum plates were rinsed with water. 

(8) Desmutting 

[0239] After the etching, the aluminum plates were 
desmutted by being immersed in an aqueous solution 
containing 25 wt% of sulfuric acid at SQ^'C. After the des- 
rhuttrng, the aluminum plates were rinsed with water. . 

(9) Anodizing 

[0240] The aluminum plates were anodized in an 
aqueous solution of 15 wt% sulfuric acid (containing 0.5 
wt% of aluminum ion) at SS^'C using a DC voltage at a 
current density of 2 A/dm^ until an anodic oxide film 
formed in an amount of 2.4 g/m^. After the anodizing, 
the aluminum plates were sprayed with rinse water. 
[0241] The thus treated aluminum plates had neither 
streaks nor grainy unevenness in surface quality that 
would have othenA/ise occurred on the surface due to 
directional differences in crystal grains. 
[0242] An i ntermediate layer and a light-sensitive layer 



were applied to the aluminum plates and dried to pro- 
duce positive-working PS plates each having a dry film 
thickness of 2.0 g/m^. The PS plates turned out to be 
good printing plates on press. 

5 

Comparative Example 2 

[0243] Ah aluminum plate was roughened as in Exam- 
ple 10 except that neither of the steps (3). (4) and (5) 
10 were performed. The thus treated aluminum plate had 
streaks and grainy unevenness in surface quality devel- 
oping on the surface due to directional differences in 
crystal grains. 

[0244] According to the present invention, an alumi- 
75 num support for lithographic printing plates that is less 
prone^ to the appearance of "streaks" of "grainy uneven- 
ness in surface quality" which are defects that would 
otheoA^ise occur from the difference in the rate of alumi- 
num dissolution due to directional differences in crystal 
20 grains can be produced at low cost. 

Example 17 

[0245] An aluminum plate (J IS A1050) having a thick- 
25 ness of 0.24 mm and a width of 1 ,030 mm was pro- 
duced by a direct casting method without the steps of 
intermediate annealing and soaking and with chemical 
etching being performed in an aqueous solution of an 
acid or an alkali. The plate was prone to the appearance 
30 of streaks and grainy unevenness in surface quality. The 
plate was subjected to the following consecutive steps. 

Mechanical roughening 

35 [0246] Siliceous sand having a specific gravity of 1 . 1 2 
was suspended in water to prepare an abrasive liquid 
slun-y. With the slurry being supplied onto the surface of 
the aluminum plate, the latter was mechanically rough- 
ened with three rotating nylon brushes in a roller form. 

40 Each brush had bristles that were made of 6.10 nylon 
and which had a length of 50 mm and a diameter of 0.48 
mm. The bristles were closely embedded In the sidewall 
of a stainless steel cylinder having a diameter of 300 
rrim. Two support rollers (200 mrti^ were spaced apart 

45 by 300 mhn under the brushes. Each brush roller was 
pressed against the aluminum plate until the load of a 
motor driving the brush to rotate was 6 kw in excess of 
the initial value. The brushes rotated in the same direc- 
tion as the aluminum plate advanced. After the mechan- 

50 ical roughening, the aluminum plate was rinsed with 
water. The speed of the advancing plate was 50 m/min. 

(2) Etchino in aqueous solution of alkali 

55 [0247] The aluminum plate was etched by being 
immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at 70°C, The alunrti- 
num plate dissolved in an amount of 10 g/m^. After the 
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etching, the aluminum plate was rinsed with water. 

(3) Desmuttino 

[0248] Subsequently, the aluminum plates were des- 
mutted by being immersed in an aqueous solution of 1 
wt% nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at SS'^C for 10 seconds. 
After the desmutting. the aluminum plates were rirised 
with water. 

(4) Electrochemical roughening in aqueous solution of 
nitric acid 

[0249] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and two units of the apparatus shown in 
Fig. 2. The electrolyte was an aqueous solution of 1 
wt% nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at 65**C (Example 17-1). 
70°C (Example 17-2) or SO^'C (Example 17-3). The AC 
supply voltage had such a waveform that tp (time for the 
current to increase from zero up to a peak) was 0.3 
msec and the duty ratio was 1:1. Using an alternating 
current of a trapezoidal waveform at 60 Hz, the alumi- 
num plates were roughened electrochemically with a 
carbon electrode being used as a counter electrode. 
The auxiliary anode was made of fen-ite. 
[0250] The current density was 50 A/dm? in terms of 
a peak current value and the amount of electricity was 
120 C/dm^ in terms of the total sum of electricity applied 
to the aluminum plate working as anode. Five percent of 
the current from the power supply was shunted to the 
auxiliary anode. After the electrochemical roughening, 
the aluminum plates were sprayed with rinse water. 

(5) Etching in aqueous solution of alkali 

[0251] The aluminum plate was etched by being 
immersed in an aqueous solution containing 26 wt% of 
NaOH and 6.5 wt% of aluminum ion at 45**C. The alumi- 
num plates dissolved in an amount of 0.3 g/m^. After the 
etching, the aluniinum plates wei^e rinsed with water. 

(S) Desmutting 

[0252] After the electropolishing, the aluminum plates 
were rinsed with water. Subsequently, they were des- 
mutted by being immersed in an aqueous solution con- 
taining 25 wt% of sulfuric acid at 60**C. Thereafter, the 
aluminum plates were rinsed with water. 

(7) An<ylizinq 

[0253] The aluminum plates were anodized in an 
aqueous solution of 15 wt% sulfuric acid (containing 0.5 
wt% of aluminum ion) at 35''C using a DC voltage at a 
current density of 2 A/dm^ until an anodic oxide film 



formed in an amount of 2.4 g/m^. After the anodizing. 

the aluminum plates were sprayed with rinse water. 

[0254] The thus treated aluminum plates had neither 

streaks nor grainy unevenness in surface quality that 
5 would have otherwise occurred on the surface due to 

directional differences in crystal grains. The plates had 

an average surface roughness of ca. 0.6 fim. 

[0255] An intermediate layer and a light-sensitive layer 

were applied to the aluminum plates and dried to pro- 
10 duce positive-working PS plates each having a dry film 

thickness of 2.0 g/m^. The PS plates turned out to be 

good printing plates on press. 

Example 18 

15 

[0256] An aluminum plate was roughened as in Exam- 
ple 1, except that the chemical etching in the aqueous 
alkali solution in (5) of Example 17-3 was replaced by 
electropolishing in an aqueous solution containing 9 

20 wt% of sodium hydroxide and 0.5 wt% of aluminum ion 
at 35*C and at a current density of 20 A/dm^, with the 
aluminum plate used as anode, such that 1 g/m^ of alu- 
minum dissolved. An intermediate layer and a negative- 
working light-sensitive layer were applied to the thus 

25 treated aluminum plate and dried to produce a PS plate, 
which turned out to be a good printing plate on press. 

Example 19 

30 [0257] An aluminum plate (JIS A1050) having a thick- 
ness of 0.24 mm and a width of 1 ,030 mm was pro- 
duced by a direct casting method without the stops of 
intermediate annealing and soaking and with chemical 
etching being performed in an aqueous solution of an 

35 acid or an alkali. The plate was prone to the appearance 
of streaks and grainy unevenness in surface quality. The 
plate was subjected to the following consecutive steps. 

(1) Mechanical roughening 

40 

[0258] Siliceous sand having a specific gravity of 1 . 1 2 
was suspended in water to prepare an abrasive liquid 
slurry. With the slurry being supplied onto the surface of 
the aluminurri plate, the latter was mechanically rough- 

45 ened with three rotating nylon brushes in a roller form. 
Each brush had bristles that were made of 6.10 nylon 
and which had a length of 50 mm and a diameter of 
0.295 mm. The bristles were closely embedded in the 
sidewall of a stainless steel cylinder having a diameter 

so of 300 mm. Two support rollers (200 mm^) were spaced 
apart by 300 mm under the brushes. Each brush roller 
was pressed against the aluminum plate until the load of 
a motor driving the brush to rotate was 6 kw in excess of 
the initial value. The brushes rotated in the same direc- 

55 tion as the aluminum plate advanced. After the mechan- 
ical roughening, the aluminum plate was rinsed with 
water. The speed of the advancing plate was 50 m/min. 
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(2) Etching in aoueou s solution of alkali 

[0259] The aluminum plate was etched by being 
immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at lO^'C. The alumi- s 
num plate dissolved in an amount of 6 g/nf. After the 
etching, the aluminum plate was rinsed with water. 

(3) Desmuttina 

10 

[0260] Subsequently, the aluminum plate was desmut- 
ted by being immersed in an aqueous solution contain- 
ing 1 wt% of hydrochloric acid at 35*^0 for 10 seconds. 
After the desmutting, the aluminum plate was rinsed 
with water. ,5 

(4) Pri mary electrochemical rouahening in aoueous 
solution of hydrochloric acid 

[0261] Electrochemical roughening was performed 20 
continuously using an AC voltage of the waveform 
shown in Rg. 1 and a single unit of the apparatus shown 
in Fig. 2. The electrolyte was an aqueous solution of 1 
wt% hydrochloric add (containing 0.5 wt% of aluminum 
ion) at 35**C. The AC supply voltage had such a wave- 25 
form that tp (time for the cun-ent to increase from zero 
up to a peak) was 1 msec and the duty ratio was 1:1. 
Using an alternating current of a trapezoidal waveform 
at 60 Hz. the aluminum plate was roughened electro- 
chemically with a carbon electrode being used as a 30 
counter electrode. The auxiliary anode was made offer- 
rite. 

[0262] The cun-ent density was 50 A/dm^ in terms of 
a peak current value and the amount of electricity was 
40 C/dm^ in terms of the total sum of electricity applied 35 
to the aluminum pate working as anode. Five percent of 
the current from the power supply was shunted to the 
auxiliary anode. After the electrochemical roughening, 
the aluminum plate was sprayed with rinse water. 

40 

(5) Etchin g in aoueous solution of alkali 

[0263] • The aluminum plate was etched by being 
irhmersed in an aqueous solution containing 26 wt% of . 
NaOH and 6.5 wt% of aluminum ion at 45*'C The alumi- 4S 
num plate dissolved in an amount of 0.3 g/m^. After the 
etching, the aluminum plate was rinsed with water, 

(6) Desmutting 

so 

[0264] Subsequently, the aluminum plate was desmut- 
ted by being immersed In an aqueous solution of 1 wt% 
nitric acid (containing 0.5 wi% of aluminum ion and 
0.007 wt% of ammonium ion) at 35^0 for 10 seconds. 
After the desmutting. the aluminum plate was rinsed 55 
with water. 



(7) Electrochemical rougheni ng in aoueous solution of 
nitrjg apd 

[0265] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown in Fig. 1 and two units of the apparatus shown in 
Fig. 2. The electrolytes was an aqueous solution of 1 
wt% nitric add (containing 0.5 vvt% of aluminum ion and 
0.007 wt% of ammonium ion) at 50*C. The AG supply 
voltage hid such a waveform that tp (time for tiie current 
to increase from zero up to a peak) was 1 msec and the 
duty ratio was 1:1. Using an alternating current of a trap- 
ezoidal waveform at 60 Hz. the aluminum plate was 
roughened electrochemically with a carbon electrode 
being used as counter electrode. The auxiliary anode 
was made of ferrite. 

[0266] The current density was 50 A/dm^ in terms of 
a peak current value and the amount of electricity in 
terms of the total sum of electricity applied to the alumi- 
num plate working as anode was 30 C/dm^ (Example 
19-1) or 120 C/dm^ (Example 19-2). Five percent of the 
current from the power supply was shunted to the auxil- 
iary anode. After the electrochemical roughening, the 
aluminum plates were sprayed with rinse water. 

(8) Etching in aoueous solution of alkali 

[0267] The aluminum plates were etched by being . 
immersed in an aqueous solution containing 26 wt% of 
NaOH and 6.5 wt% of aluminum ion at 45°C. The alumi- 
num plates dissolved in an amount of 1 g/m^. After the 
etching, the aluminum plates were rinsed with water. 

(9) Desmutting 

[0268] After the etching, the aluminum plates were 
desmutted by being immersed in an aqueous solution 
containing 25 wt% of sulfuric acid at 60**C. After the des- 
mutting, the aluminum plates were rinsed with water. 

no) Anodizing 

[0269] The aluminum plates were anodized in an 
aqueous solution of 15 wt% sulfuric acid (containing 0.5 
wt% of aluminum ion) at 35**C using a DC voltage at a 
current density of 2 A/dm^ until an anodic oxide film 
formed in an amount of 1.2 g/m^. After the anodizing, 
the aluminum plates were sprayed with rinse water. 
[0270] The thus treated aluminum plates had neither 
streaks nor grainy unevenness in surface quality that 
would have otherwise occurred on the surface due to 
directional differences in crystal grains. The plates had 
an average surface roughness of ca. 0.35 pm. 
[0271 ] An intermediate layer and a light-sensitive layer 
were applied to the aluminum plates and dried to pro- 
duce positive-working PS plates each having a dry film 
thickness of 2.0 g/m^. Using these PS plates, printing 
was done on a proofing press and the following good 
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results were obtained: white color, good layout proofing, 
high ink receptivity, and smooth movement of a sponge 
on the plate surface which had to be manually handled 
to replenish dampening water. 

Example 20 

[0272] An alurfiinum plate was roughened as in Exam- 
ple 19-1, except that the chemical etching in the aque- 
ous alkali solution in (8) of Example 19-1 was replaced 
by electropolishing in an aqueous solution containing 9 
wt% of sodium hydroxide and 0.5 wt% of aluminum ion 
at 35°C and at a current density of 20 A/dm^, with the 
aluminum plate used as anode, such that 2 g/m^ of alu- 
minum dissolved. An intermediate layer and a light-sen- 
sitive layer were applied to the thus treated aluminum 
plate and dried to produce a proofing positive-working 
PS plate having a dry film thickness of 2.0 g/vn^. Using 
this PS plate, printing was done on a proofing press and 
the following good results were obtained: white color, 
good layout proofing, high ink receptivity, and smooth 
movement of a sponge on the plate surface which had 
to be manually handled to replenish dampening water. 

Example 21 

[0273] An aluminum plate (J IS A1 050) having a thick- 
ness of 0.24 mm and a width of 1.030 mm was pro- 
duced by a direct casting method without the steps of 
intermediate annealing and soaking and with chemical 
etching being performed in an aqueous solution of an 
acid or an alkali. The plate was prone to the appearance 
of streaks and grainy unevenness in surface quality. The 
plate was subjected tot eh following consecutive steps. 

(^) Etching in aoueous solution of alkali 

[0274] The aluminum plate was etched by being 
immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at 70°C. The alumi- 
num plate dissolved in an amount of 3 g/m^. After the 
etching, the aluminum plate was rinsed with water. 

(2) Desmutting 

[0275] Subsequently, the aluminum plate was desmut- 
ted by being immersed in an aqueous solution contain- 
ing 1 wt% of hydrochloric acid at 35**C for 10 seconds. 
After the desmutting, the aluminum plate was ringed 
with water. 

(3) Electro chemical roughening in aqueous solulion of 
hydrochlori c acid (to form fine asperities) 

[0276] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 
shown In Fig. 1 and a single unit of the apparatus shown 
in Rg. 2. The electrolyte was an aqueous solution of 1 



wt% hydrochloric acid (containing 0.5 wt% of aluminum 
ion) at 35**C. The AC supply voltage had such a wave- 
form that tp (time for the cun^ent to Increase from zero 
up to a peak) was 1 msec and the duty ratio was 1:1. 
5 Using an alternating current of a trapezoidal waveform 
at 60 Hz, the aluminum plate was roughened electro- 
chemically with a carbon electrode being used as a 
counter electrode. The auxiliary anode was made of fer- 
rite. 

10 [0277] The current density was 50 A/dm^ in terms of 
a peak cun-ent value and the amount of electricity was 
50 C/dm^ in terms of the total sum of electricity applied 
to the aluminum plate working as anode. Five percent of 
the current from the power supply was shunted to the 

15 auxiliary anode. After the electrochemical roughening, 
the aluminum plate was sprayed with rinse water. 

(4^ Etching in aoueous solution of alkali 

20 [0278] The aluminum plate was etched by being 
Immersed In an aqueous solution containing 5 wt% of 
NaOH and 0.5 wt% of aluminum ion at 45**C. The alumi- 
num plate dissolved in an amount of 0.3 g/m^. After the 
etching, the aluminum plate was rinsed with water. 

25 

(5) Desmuttino 

[0279] Subsequently, the aluminum plate was desmut- 
ted by being immersed in an aqueous solution of 1 wt% 
30 nitric acid (containing 0.5 wt% of aluminum ion and 
0.007 wt% of ammonium ion) at 35°C for 10 seconds. 
After the desmutting. the aluminum plate was rinsed 
with water. 

35 (6) Electrochemical rouahenino in aq ueous solution of 
nitric acid 

[0280] Electrochemical roughening was performed 
continuously using an AC voltage of the waveform 

40 Shown in Fig. 1 and two units of the apparatus shown in 
Fig. 2. The electrolyte was an aqueous solution of 1 
wt% of nitric acid (containing 0.5 wt% of aluminum ion 
and 0.007 wt% of anrimonium ion) at 50°C. The AC sup- 
ply voltage had such a waveform that tp (tinhe for the 

45 current to increase from zero up to a peak) was 1 msec 
and the duty ratio was 1:1. Using an alternating current 
of a trapezoidal waveform at 60 Hz, the aluminum plate 
was roughened electrochemically with a carbon elec- 
trode being used as a counter electrode. The auxiliary 

so anode was made of ferrite. 

[0281 1 The current density was 50 A/dm^ in terms of 
a peak current value and the amount of electricity was 
100 C/dm^ in terms of the total sum of electricity applied 
to the aluminum plate working as anode. Five percent of 

55 the cun'ent from the power supply was shunted to the 
auxiliary anode. After the electrochemical roughening, 
the aluminum plates was sprayed with rinse water. 



25 



49 



EP 0 924 101 A2 



50 



(7) Etching in aqueous solution of alkali 

[0282] The aluminum plate was etched by being 
immersed in an aqueous solution containing 27 wt% of 
NaOH and 6.5 wt% of aluminum ion at 40*C. The alumi- 5 
num plate dissolved in an amount of 0.05 g/m^. After the 
etching, the aluminum plate was rinsed with water. 

(8) Desmuttino 

10 

[0283] After the etching, the aluminum plate was des- 
mutted by being immersed in an aqueous solution con- 
taining 25 wt% of sulfuric acid at 60**C. After the 
desmutting. the aluminum plate was rinsed with water. 

75 

(9) Anodizing 

[0284] The aluminum plate was anodized in an aque- 
ous solution of 15 wt% sulfuric acid (containing 0.5 wt% 
of aluminum ion) at 35°C using a DC voltage at a cur- so 
rent density of 2 A/dm^ until an anodic oxide film formed 
in an amount of 2.4 g/m^. After the anodizing, the alumi- 
num plate was sprayed with rinse water. 
[0285] The thus treated aluminum plate had neither 
streaks nor grainy unevenness in surface quality that 25 
would have otherwise occun-ed on the surface due to 
directional differences in crystal grains. 
[0286] An intermediate layer and a light-sensitive layer 
were aipplied to the aluminum plate and dried to pro- 
duce a positive-working PS plate having a dry film thick- 30 
ness of 2.0 g/m^. The PS plate turned out to be a good 
printing plate on press. 

Comparativ e Example 3 

35 

[0287] An aluminum plate was roughened as in Exam- 
ple 1, except that electrochemical roughening step (4) 
was conducted in the aqueous solution of nitric acid at 
50*'C. The thus treated aluminum plate had streaks and 
grainy unevenness in surface quality appeared on the 40 
surface due to directional differences in crystal grains. 
[0288] According to the present invention, aluminum 
suppprts for lithographic printing plates can be manu- 
factured at low cost that are free from the appearance of 
"streaks" or "grainy unevenness In surface quality" 45 
which are defects that would othenwise occur from the 
difference In the rate of aluminum dissolution due to 
directional differences in crystal grains: the aluminum 
supports hence yield satisfactory lithographic printing 
plates. so 

Claims 

1 . A process for producing an aluminum support for a 
lithographic printing plate comprising the steps of: ss 

preliminarily imparting fine asperities to an alu- 
minum plate; and thereafter. 



roughening the plate electrochemlcally In an 
acidic aqueous solution. 

2. A process for producing an aluminum support for a 
lithographic printing plate comprising, in sequence, 
the steps of: 

(1) preliminarily forming fine asperities: 

(2) roughening an aluminum plate electro- 
chemically in an acidic aqueous solution: and 

(3) electropolishing the aluminum plate in an 
aqueous solution of an alkali with the aluminum 
plate being used as anode, or chemically etch- 
ing the aluminum plate in an aqueous solution 
of an acid or an alkali. 

3. A process for producing an aluminum support for a 
lithographic printing plate comprising, in aqueous, 
the steps of: 

(1) mechanically roughening an aluminum 
plate: 

(2) electropolishing the aluminum plate in an 
aqueous solution of an acid or an alkali, with 
the aluminum plate being used as anode, or 
chemically etching the aluminum plate in an 
aqueous solution of an acid or an alkali; 

(3) preliminarily forming fine asperities; 

(4) roughening the aluminum plate electro- 
chemically in an acidic aqueous solution; and 

(5) electropolishing the aluminum plate in an 
aqueous solution of an add or an alkali with the 
aluminum plate being used as anode, or chem- 
ically etching the aluminum plate in an aqueous 
solution of an acid or an alkali. 

4. The process for producing an aluminum support for 
a lithographic printing plate according to any one of 
claims 1 to 3, wherein the method of preliminarily 
forming fine asperities is by mechanically forming 
fine asperities on the aluminum surface, by forming 
fine asperities through chemical etching or by form- 
ing fine asperities through electrochemical rough- 
ening of the aluminum surface. 

5. The process for producing an aluminum support for 
a lithographic printing plate according to claim 4, 
wherein the metiiod of forming fine asperrties elec- 
fochemically is by electrochemical roughening in 
an aqueous solution of nitro acid or hydrochloric 
acid. 

6. The process for producing an aluminum support for 
a lithographic printing plate according to any one of 
claims 1 to 3. wherein the preliminary formation of 
fine asperities is followed by chemical etching to 
dissolve the aluminum plate in an aqueous solution 
of an acid or an alkali, or electropolishing to dls- 
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solve the aluminum plate in an aqueous solution of 
an acid or an alkali, with the aluminum plate being 
used as anode. 

A process for producing an aluminum support for a s 
lithographic printing plate comprising, in sequence, 
the steps of: 

(1 ) subjecting an aluminum plate to preliminary 

AC electrochemical roughening in an aqueous io 
solution based on hydrochloric acid using elec- 
tricity in an amount of 1 to 300 C/dm^; 

(2) immersing the aluminum plate in an aque- 
ous solution of an acid or an alkali to perform 
chemical etching or electropolishing with said is 
aluminum plate being used as anode, so that 
the aluminum plate is dissolved in an amount of 
0.01 to 1.5 g/m^; 

(3) subjecting the aluminum plate to DC or AC 
electrochemical roughening in an aqueous 20 
solution based on nitric acid; and 

(4) immersing the aluminum plate in an aque- 
ous solution of an acid or an alkali to perform 
chemical etching or electropolishing with said 
aluminum plate being used as anode, so that 25 
the aluminum plate is dissolved in an amount of 
0.01to10g/m2 

A process for producing an aluminunh support for a 
lithographic printing plate comprising, in sequence, 30 
the steps of: 

(1) mechanically roughening an aluminum 
plate; 

(2) immersing the aluminum plate in an aque- 35 
ous solution of an acid or an alkali to perform 
chemical etching, or electropolishing with said 
aluminum plate being used as anode, so that 

the aluminum plate is dissolved in an amount of 
0.01 to 20 g/m^; 40 

(3) subjecting the aluminum plate to prelimi- 
nary AC electrochemical roughening in an 
aqueous solution of ah acid or an alkali using 
electricity in an amount of 1 to 300 C/dm^; 

(4) immersing the aluminum plate in an aque- 45 
ous solution of an acid or an alkali to perform 
chemical etching, or electropolishing with said 
aluminum plate being used as anode, so that 

the aluminum plate is dissolved in an amount of 
0.01 to 1.5 g/m^; so 

(5) subjecting the aluminum plate to DC or AC 
electrochemical roughening in an aqueous 
solution based on nitric acid; and 

(6) immersing the aluminum plate in an aque- 
ous solution of an acid or an alkali to perform ss 
chemical etching, or electropolishing with said 
aluminum plate being used as anode, so that 
the aluminum plate is dissolved in an amount of 



0.01 to 10 g/m^. 

9. The process for producing an aluminum support for 
a lithographic printing plate according to claim 7 or 
8, wherein the amount of dissolution of aluminum 
by the chemical etching in an aqueous solution of 
an acid or an alkali which is performed after the DC 
or AC electrochemical roughening in an aqueous 
solution based on nitric acid is 0.01 to 1 .5 g/m^. 

10. The process for producing an aluminum support for 
a lithographic printing plate according to claim 7 or 
8, wherein the aluminum plate is desmutted in an 
acidic aqueous solution after it is chemically 
etched, or electropolished with the aluminum plate 

. . used as anode, in an aqueous solution of an acid or 
an alkali. 

11. The process for producing an aluminum support for 
a lithographic printing plate according to claim 7 or 
8. further comprising a subsequent anodizing step. 

12. The process for producing an aluminum support for 
a lithographic printing plate according to claim 1 1 , 
further comprising a hydrophilizing step following to 
the anodizing step. 

13i A process for producing an aluminum support for a 
lithographic . printing plates comprising, in 
sequence, the steps of: 

(1) subjecting an aluminum plate to DC or AC 
electrochemical roughening in an aqueous 
solution based on nitric add at a temperature of 
60 to 95**C so as to form honeycomb pits with 
an average diameter of 0.1 to 0.5 \im using 
electricity in an amount of 1 to 150 C/dm^: and 

(2) immersing the aluminum plate in an aque- 
ous solution of an acid or an alkali to perform 
chemical etching or electropolishing with said 
aluminum plate being used as anode, so that 
the aluminum plate is dissolved in an amount of 
0.01 to 10 g/m^. 

14. A process for producing an aluminum support foi' a 
lithographic printing plate comprising, in sequence, 
the steps of: 

(1) subjecting an aluminum plate to preliminary 
AC electrochemical roughening in an aqueous 
solution based on hydrochloric acid using elec- 
tricity in an amount of 1 to 300 C/dm^: 

(2) immersing the aluminum plate in an aque- 
ous solution of an acid or an alkali to perform 
either chemical etching, or electropolishing 
with said aluminum plate being used as anode, 
so that the aluminum plate is dissolved in an 
amount of 0.01 to 1.5 g/m^; 



27 



53 



EP 0 924 101 A2 



(3) subjecting the aluminum plate to AC elec- 
trochemical roughening In an aqueous solution 
based on nitric acid at a temperature of 60 to 
95°C so as to form honeycomb pits with an 
average diameter of 0.1 to 0.5 ^m using elec- $ 
tricity in an amount of 1 to 150 C/dm^; and 

(4) immersing the aluminum plate in an aque- 
ous solution of an acid or an alkali to perform 
chemical etching or electropolishing with said 
aluminum plate being used as anode, so that io 
the aluminum plate Is dissolved in an amount of 
0.01 to lOg/m^. 

15. The process for producing an aluminum support for 

a lithographic printing plate according to claim 2. 75 
wherein prior to preliminary AC electrochemical 
roughening in an aqueous solution of hydrochloric 
acid, the aluminum plate is subjected, in sequence, 
to the steps of : ' 

(1) mechanical roughening or DC or AC elec- 
trochemical roughening in an aqueous solution 
based on nitric acid; and 

(2) chemical etching or electropolishing, with 
the aluminum plate used as anode, in an aque- 25 
ous solution of an acid or an alkali so that the 
aluminum plate is dissolved, in an amount of 
0.01 to 20 g/m^. . . 

16. The process for producing an aluminum support for 30 
a lithographic printing plate according to any one of 
claims 13 to 15. wherein the amount of dissolution 

of the aluminum plate by the chemical etching in an 
aqueous solution of an acid or an alkali which is 
performed after honeycomb pits with an average 35 
diameter of 0.1 to 0.5 \im are formed using electric- 
ity in an amount of 1 to 150 C/dm^ by AC electro- 
chemical roughening in an aqueous solution based 
on nitric acid at a temperature of 60 to 95^0 is 0.01 
to 1 .5 g/m^. 40 

1 7. The process for producing an aluminum support for 
lithographic printing plates ac<X5rding to any one of 
claims 1 3 to 15, wherein the aluminum plate is des- 
mutted in an acidic aqueous solution after it is 45 
chemically etched, or electropoltshed with the alu- 
minum plate used as anode. In an aqueous solution 

of an acid or an alkali. 

18. The process for producing an aluminum support for so 
lithographic printing plates according to any one of 
claims 13 to 15. further comprising a subsequent 
anodizing step. 

1 9. The process for producing an aluminum support for 55 
a lithographic printing plate according to claim 18. 
further comprising a hydrophilizing step following to 
the anodizing step. 
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FIG. 1 




tc 



CURRENT OF ANODE REACTION 
OF ALUMINIUM PLATE 



CURRENT OF CATHODE REACTION 
OF ALUMINIUM PLATE 
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